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From basic human needs to economic development and job creation, from social equity to 
security considerations, energy is at the center of the Sustainable Development Goals (SDGs) that 
global leaders adopted in 2015 under the Agenda 2030. The production and use of energy is at 
the same time a major source of climate-active emissions, which need to be reduced drastically 
in order to limit the global temperature increase to well below 2 °C. This goal is in line with 
the international Paris Agreement adopted in 2015 under the United Nations Framework Con-
vention on Climate Change (UNFCCC). In order to achieve the necessary emission reductions 
in the energy sector, the global economy’s dependence on fossil fuels must be curbed to the 
greatest extent possible, calling among other things for a significantly higher share of renew-
able energies in the global energy mix and faster progress in promoting energy efficiency. At 
the same time, the demand for energy will continue to rise rapidly over the coming decades, 
especially in emerging and developing countries, which makes the challenge even greater. 
However, part of the world’s population does not even have access to modern energy or 
cannot afford it, and such energy poverty is an enormous problem on its own. In 2017, 840 
million people worldwide were living without electricity and 2.9 billion relied on polluting 
and unhealthy fuels for cooking (IEA et al., 2019). Access to modern energy services is a basic 
requirement for all aspects of development through, e.g., health-related benefits, reallocation 
of household time toward education and income generation, and enhanced productivity in 
agriculture and industries (Barnes, Samad & Banerjee, 2014).  
Hence, economies worldwide face the continuing challenge of improving access to energy 
and ensuring sufficient and affordable supplies while decoupling economic development 
from carbon emissions. The transition to such a sustainable energy future is particularly diffi-
cult for developing countries. They must satisfy a quickly growing energy demand while ma-
jor parts of their population continue to live without affordable and reliable access to electricity 
and clean cooking facilities.  
In fact, many governments subsidize the consumption and production of energy based on 
fossil fuels, justified by the goal of providing affordable energy to the poor and promoting 
economic development. Fossil fuel subsidies can have detrimental effects on welfare, social 
equity, and the environment, though, as they distort price signals, incentivize the overcon-
sumption of non-renewable energy, and pose heavy fiscal burdens, while benefiting mostly 
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the wealthier parts of the population (Arze del Granado, Coady & Gillingham, 2012; Burniaux 
& Château, 2011). 
In the context of the Agenda 2030, SDG 70F1 calls for universal access to affordable, reliable, 
and modern energy, a substantial increase in the share of renewable energy, and much faster 
improvement in energy efficiency. Accordingly, governments have made efforts – supported 
by international cooperation – to promote widespread access to basic energy services and to 
make energy systems more sustainable. This dissertation focuses on two policy areas where 
advances towards these goals have proved to be particularly difficult. Accordingly, the thesis 
is divided into two main parts:  
In Part I, the thesis discusses subsidies on fossil fuels, whose global volume amounts to 
several hundred billion dollars annually, further reinforcing the dependence on fossil fuels. 
Part II of the thesis is devoted to the efforts to improve energy access in developing countries, 
analyzing the more specific question of the residential use of clean cooking systems, where – 
despite decades of efforts – progress has been very limited. In the remainder of this introduc-
tion, I will present the goals, questions and methods of my research for both topics and discuss 
their relevance in the respective scientific and policy context. 
Fossil fuel subsidies, e.g. in the form of reduced end-user prices or preferential producer 
treatment, distort prices in favor of fossil energy and therefore lead to wasteful combustion of 
fossil fuels. As they reach extremely high volumes globally, their phase-out or reduction is 
potentially a very effective means of reducing greenhouse gases and promoting energy tran-
sitions. Beyond the role they play in climate change and energy transitions, on which the work 
presented in this dissertation will focus, fossil fuel subsidies affect all three dimensions of sus-
tainable development – economic, social and environmental – mostly in a detrimental way.  
Regarding climate policy, there has been a debate on market-based instruments, i.e., in-
struments which work by changing actors’ economic incentive structure, for many years, 
mainly on carbon taxes and emission allowances. Building on Pigou’s seminal work on the 
pricing of environmental externalities (Pigou, 1920) economists have studied and proposed 
these instruments starting in the early 1970s (Baumol, 1972; Montgomery, 1972; Nordhaus, 
1977). Since the early 1990s, researchers and, increasingly, policy makers, have paid a lot of 
attention to the issue, with about sixty carbon pricing initiatives in place or scheduled for im-
plementation1F2 in states and sub-states across the world (data as of February 2020, World Bank, 
2020a).  
Yet, many environmentally harmful products or activities are currently subsidized rather 
than taxed.2F3 Theoretically, reducing a subsidy affects the markets in the same way as a tax 
increase. This has been less discussed, though, and energy subsidies only began to be 
scrutinized explicitly in the 1980s. The first analyses of this kind by economists in international 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
1 The 17 SDGs were developed in the aftermath of the United Nations Conference on Sustainable Development in 2012 (also known as 
Rio+20) and should ensure the promotion of an economically, socially but also environmentally sustainable future (United Nations 
2012). 
2 Initiatives are defined as “scheduled for implementation” in the databank if they are formally adopted through legislation and if their 
launch is planned with an official start date. See https://carbonpricingdashboard.worldbank.org/map_data for more information.  
3 Sometimes they are even subsidized and taxed at the same time, as was the case for petrol or diesel in India for many years. 
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organizations (IEA, 1988; Kosmo, 1987; World Bank, 1983) focused primarily on the fiscal and 
macroeconomic costs of energy subsidies. They inspired the subsidy cuts and deregulation of 
energy prices in the IMF and World Bank structural adjustment programs in many emerging 
countries in the 1980s and 1990s. 
As environmental concerns gained more attention, scholars started estimating the potential 
CO2 emission reductions from subsidy removals, with the results of their models suggesting 
significant impacts (e.g., Larsen & Shah, 1992, see Ellis, 2010 for a review).  
Nevertheless, it was only in 2009 that subsidy reform became an international norm, as the 
leaders of the G203F4 countries committed to reducing and gradually eliminating fossil fuel sub-
sidies at their summit in Pittsburgh (G20 2009). Since then, the growing awareness and pres-
sure from international organizations has triggered reform efforts in many countries. But abol-
ishing fossil fuel subsidies has proved to be a very difficult political task to date, which is why 
many countries in the G20 and beyond still heavily subsidize the production or consumption 
of fossil fuels.  
Meanwhile, a growing literature has provided evidence for the environmental (Burniaux 
& Château, 2011), economic (Plante, 2014) and social costs (Arze del Granado, Coady & Gil-
lingham, 2012) of fossil fuel subsidies. It highlights the potential benefits of their removal and 
examines likely negative impacts of such reforms on the poor and how to mitigate them 
(Anand et al., 2013; Cooke et al., 2016).  
However, subsidies for fossil fuels are often neglected when it comes to the scientific de-
bate on how to increase the share of renewable energies. The price distortions created by sub-
sidies can be expected to affect renewable energy markets and must therefore be considered 
when assessing any policy mix designed to promote renewable energy. Several studies discuss 
potential mechanisms by which fossil fuel subsidies can impede the development of renewa-
bles (IEA, 2014: 324 ff.; Kitson & Bridle, 2014; Matsuo & Schmidt, 2017; Meier, Vagliasindi & 
Imran, 2015; Schmidt, Born & Schneider, 2012; Whitley, 2013). Yet, the empirical evidence on 
these effects is scarce (Bridle, Kiston & Wooders, 2014; Matsuo & Schmidt, 2017; Schmidt, Born 
& Schneider, 2012) and to my knowledge, no study to date has sought to empirically assess 
the proposed link on the aggregate level. 
In Part I, this doctoral thesis therefore seeks to provide systematic, cross-country evidence 
on the extent to which fossil fuel subsidies present a barrier to the deployment of renewable 
energy, even in the presence of policies that also subsidize or otherwise support renewables. 
To that aim, my co-author Paula Castro and I use panel data from 155 countries between 2003 
and 2013 to explore the relationship between subsidy magnitudes and the shares of electricity 
generated from renewable energy sources (excluding hydropower). We apply descriptive sta-
tistics, correlation analysis and a full panel regression model.  
Our results for cases where some electricity is already being generated from renewable 
energy sources suggest that, across countries, higher subsidies for fossil fuels are associated 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
4 The G20 (or Group of Twenty) is an international forum for the governments and central bank governors of the twenty leading ad-
vanced and emerging economies (19 countries and the European Union). 
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with a significantly smaller contribution of renewables in the power mix. Yet, when it comes 
to the likelihood that a country produces any electricity from renewables, a stage that we ana-
lyzed separately in this chapter, fossil fuel subsidies do not appear to have an impact. The 
most relevant country-level factors at this stage according to our results are the reliance of a 
country’s economy on oil production, its potential for renewables compared to other countries, 
its financial support policies for the deployment of renewables and its general environmental 
performance. 
With this study, the thesis contributes to our knowledge of the diverse consequences of 
fossil fuel subsidies, which is, together with a comprehensive understanding of enablers and 
barriers to reform, a requirement for successful interventions and policy adaptation.  
While abolishing fossil fuel subsidies can support the deployment of renewables and pro-
mote energy efficiency, it increases prices for consumers, thereby affecting affordability. The 
greatest burden can arise for low-income households that may not be able to meet their basic 
energy needs if energy consumption is not subsidized in some form. This includes electricity 
for lighting and clean fuels for cooking, which greatly enhance the quality of life, health and 
opportunities for productive activities. An important example in the context of domestic cook-
ing is liquefied petroleum gas (LPG). It plays an important role in the second part of my thesis, 
as I shall explain below. 
Cooking with solid biomass such as wood and cow dung is a major source of household 
air pollution (HAP), which in turn is of one of the most important risks for global health. It is 
estimated that every year, between 1.6 million (Health Effects Institute, 2019) and 3.8 million 
(WHO, 2019) people die from diseases caused by HAP. Furthermore, cooking with solid bio-
mass in traditional stoves or open fires also causes major environmental burdens (Chafe et al., 
2014; Hosonuma et al., 2012), and impedes the empowerment of women and girls.  
The widespread introduction of improved, i.e., more efficient and less polluting, cooking 
technology was therefore praised to have the potential to greatly reduce these burdens (e.g., 
Smith & Haigler, 2008). Indeed, the deployment of efficient and clean-burning cooking sys-
tems – if they eliminate pollution emanating from traditional stoves and fuels and are used 
sustainably – will contribute to achieving a range of SDGs under the Agenda 2030 beyond 
SDG 7. These goals include health and wellbeing (SDG 3), gender equality (SDG 5), sustaina-
bly managing forests and halting land degradation (SDG 15) or combatting climate change 
(SDG 13) (Rosenthal et al. 2018). 
Accordingly, governments and development organizations have been promoting the 
transition away from traditional biomass cookstoves towards more efficient and cleaner 
alternatives with multiple initiatives for more than four decades (Krugmann, 1987). The two 
most readily available and therefore most relevant technologies today are so-called improved 
biomass cookstoves (IBCs)4F5, i.e., any kind of biomass stove that is more efficient and/or less 
polluting than traditional stoves and LPG. Other supported systems include those based on 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
5 I follow common practice by using the term improved cookstove for any kind of biomass stove that burns fuel more efficiently than a 
baseline stove or removes smoke from the indoor living space through a chimney. 
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biogas, wood pellets, ethanol and induction. Replacing traditional cooking systems completely 
may seem straightforward, but has turned out to be very difficult; one reason being that 
technologies promoted through intervention programmes were not adopted at scale or were 
not used regularly by consumers. Consequently, despite some encouraging developments in 
recent years, the number of people using traditional biomass for cooking has hardly decreased 
(IEA et al., 2018, 2019).  
In their efforts to promote cleaner cooking technologies, actors involved in the sector have 
had different priorities. The focus of major donors in development cooperation has been on 
IBCs, while several national governments have been running their own programs to promote 
widespread access to LPG. Most recently, development thinking has somewhat shifted to-
wards so-called clean5F6 fuels and stoves, i.e., options that reduce HAP very effectively such as 
LPG, biogas or electricity, as IBCs usually cannot sufficiently reduce health-damaging pollu-
tion (Pope et al., 2017). 
Yet scholars and institutions in the public health domain argue that clean cooking energy 
programs6F7 have often cited health benefits as an important goal, but primarily focused on 
other purposes, particularly on climate change mitigation. As a result, donors would largely 
continue to focus on IBCs and thereby neglect the advancement of health objectives (Goldem-
berg et al., 2018; Rosenthal et al., 2018; Smith & Sagar, 2014). There are hence fundamentally 
different views on the issue of residential household energy among donors, with potentially 
significant developmental consequences.  
Our understanding of how the priorities of various groups of actors are currently evolving 
and why they differ so much is insufficient. While scholars from the “clean-fuel camp” argue 
that the focus of bilateral donors on IBCs is rooted in a dominance of the climate agenda in the 
discourse and actions of international sustainable development (Goldemberg et al. 2018), there 
is little empirical evidence on whether and by which mechanisms climate policy influences 
development cooperation in the field of household energy.  
In my second study, presented in Part II of this thesis, I therefore aim to identify and ex-
plain the different positions of donors on clean cooking interventions by exploring what is 
shaping their priorities. The analysis focuses on LPG and IBCs, which have been the two glob-
ally dominant options in government programs and development cooperation. More specifi-
cally, I seek to examine how actors’ priorities in clean cooking programs are influenced by 
economic incentives, political interests and power, which are in turn shaped by institutional 
structures and norms. To do so, I use an analytical framework that is based on a rational choice 
approach and draws on findings from the political economy of aid and the climate finance 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
6 In line with the major international organizations promoting energy access, notably the International Energy Agency and the United 
Nations, I consider clean cooking facilities to be modern fuels and technologies that minimize emissions that are harmful to health and 
the environment. These include natural gas, LPG, electricity and biogas or improved biomass stoves with much higher efficiency and 
significantly lower emissions than traditional stoves or open fires. As of today, only few improved biomass stove models meet this 
lower emissions goal, especially under real-world conditions for cooking, as Chapter 4.1. will discuss comprehensively. For more infor-
mation see, e.g., https://www.iea.org/articles/defining-energy-access-2019-methodology. 
7 Since most organizations today generally use the terms ‘clean cooking’, ‘clean cookstoves’ et cetera (regardless of whether the technolo-
gies being promoted are clean in the above sense), I will, for the sake of simplicity, refer to clean cooking when speaking about any pro-
gram or intervention in this area or about the sector as a whole.  
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literature. The empirical analysis is informed by the academic literature on clean cooking in-
terventions and climate finance, policy documents and the interpretation of these documents. 
I complement and cross-validate this evidence with self-collected data from a survey among 
representatives of major organizations in the sector and from in-depth interviews with key 
informant experts. 
My findings suggest that international climate policy – through emission reduction targets, 
public climate finance and carbon markets – has so far provided strong political and economic 
incentives for bilateral donors to continue focusing on biomass when providing support to 
energy programs related to cooking.  
Meanwhile, as mentioned above, several countries have been promoting widespread ac-
cess to LPG themselves. The Indian government in 2016 launched one of the most important 
of these programs, the Pradhan Mantri Ujjwala Yojana (PMUY). As the PMUY covered the up-
front cost for access to this clean fuel, the number of households registered as LPG users in-
creased by 80 million within just over 3 years. This is a development of unprecedented scale. 
However, so far, many households who adopted LPG under the program continue to rely on 
traditional biomass for a major part of their cooking (Kar et al., 2019). Multiple fuel use (so-
called fuel stacking) is a widespread phenomenon and may persist over a long time (Cheng & 
Urpelainen, 2014; Masera, Saatkamp & Kammen, 2000).  
Within the context of this program, I examined the effectiveness of additional measures to 
achieve sustainable LPG consumption among low-income households together with 
Katharina Michaelowa, Purnamita Dasgupta and Ishita Sachdeva. This third study is pre-
sented in Part II of the thesis. It adds to the debate among scientists and practitioners on the 
major difficulties to rapidly provide nearly 3 billion people with access to clean cooking sys-
tems. In this context, researchers have been studying household energy choices, the obstacles 
to widespread use of cleaner cooking systems and ways to overcome them since the 1980s 
(e.g., Barnes et al., 1994; Lewis & Pattanayak, 2012).  
A significant proportion of these studies has focused on improved biomass stoves, and 
within the research that is concerned with clean fuel transition, most work is concerned with 
technology adoption (e.g., acquirement of an LPG stove) rather than with the technolgy’s ac-
tual use as primary cooking system. However, several drivers can of course be important in 
both contexts. 
Concerning the use of LPG as primary fuel among new users in rural India, the cost of 
regular refills and supply-side constraints are considered as key obstacles (e.g., Cheng & Ur-
pelainen, 2014; Gould & Urpelainen, 2018). In addition, households may be unaware of the 
important health benefits of LPG and therefore not recognize a need to change fuel consump-
tion. While consumers hold positive views of LPG as a timesaving, convenient and clean fuel 
(Gould & Urpelainen, 2018), this alone may not prompt them to switch to its sustained (or 
even dominant) use. Hence, providing clear health information could be a key measure to 
support the transition to sustained use of clean cooking fuels. 
Related scientific work has shown that information on health benefits does not necessarily 
change the behaviour of users (Beltramo et al., 2015; Mobarak et al., 2012). However, as far as 
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we know, this has never been tested in the context under consideration. The closest existing 
research focuses on LPG use in Kerala and Uttar Pradesh (Krishnapriya, 2017) and on the will-
ingness to pay (WTP) for improved biomass stoves in rural Bangladesh (Mobarak et al., 2012), 
where the up-front costs of purchasing stoves were relatively high and represented an im-
portant barrier (see also Bensch & Peters, 2015). The paper presented in this thesis now exam-
ines the impact of health messaging in a context where the issue of high up-front costs has 
already been resolved by the PMUY. We expect that with these new conditions, the impact of 
health messaging on WTP and LPG consumption could be significant. 
Our evidence is based on a survey of 554 households in the rural part of Bikaner district in 
Rajasthan. We randomly assigned health information to one part of the respondents and gen-
eral, non-health-related information on LPG to the other part. We then measured the treatment 
effect on two variables. First, the necessary financial compensation to induce households to 
double their LPG consumption at given prices, and second, the actual increase in consumption, 
measured by the households’ use of a voucher for a new refill before a given deadline. 
Our results are encouraging. They show that health messaging increases the reported will-
ingness to pay for LPG and substantially increases actual consumption. We further show how 
the impact of our very brief, but concrete health messaging compares to price reductions for 
new LPG cylinders and discuss why it may be useful to target not just women, but also men. 
Overall, in the second part of my dissertation I aim to improve our knowledge of energy 
access interventions, notably by enhancing our understanding of donors’ priorities in this pol-
icy area as well as by providing evidence on the effectiveness of health messaging as a com-
plementary policy measure.  
The research on climate- and energy justice is related to the strands of literature in the field 
of energy access: It addresses similar issues of energy and climate decisions to those discussed 
here, albeit from a normative perspective (e.g., Edenhofer et al., 2012; Jones, Sovacool & Si-
dortsov, 2015; Sovacool et al., 2016). As it would go beyond the scope of this thesis, I will not 
consider the normative perspective in the assessment of energy access measures. Nevertheless, 
the policy area raises a range of questions that are worth addressing. An important one is 
under which circumstances, based on considerations relating to climate or energy justice, the 
large-scale promotion of LPG as primary cooking fuel would be justifiable as a means to uni-
versal access to clean energy for sustainable development.  
The remainder of this doctoral thesis is structured as follows. Part I, which focuses on fossil 
fuel subsidies, sets out with a review of the scientific evidence on the scope and effects of fossil 
fuel subsidies in Chapter 2. This chapter also describes how international politics has ad-
dressed the issue and discusses the arguments that scholars have put forward to explain the 
persistence of fossil fuel subsidies. Chapter 3 then contributes to our knowledge on how fuel 
subsidies affect the deployment of renewable energies. It examines whether fossil fuel subsi-
dies present a barrier to the deployment of electricity from renewables on the aggregate level, 
even in the presence of policies that also subsidize or otherwise support renewable energy. 
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In Part II, which is devoted to clean cooking, Chapter 4 introduces the reader to clean cook-
ing as a policy issue in development and to the scholarly discussions surrounding it by re-
viewing literature from multiple research disciplines, including public health, climate and en-
vironmental science, and development economics. It starts by summarizing the environmental 
and public health problems associated with the use of traditional biomass for cooking and 
heating and discusses the most recent scientific evidence on some of the available alternatives 
to traditional cooking fuels and stoves. It concludes with a review of the scientific evidence on 
the energy consumption decisions of (poor) households and on enablers and barriers to wide-
spread use of clean cooking technologies.  
Chapter 5 then traces the efforts that have been made by national governments and the 
international community from the 1970s onwards to provide access to cleaner technologies 
and how they have been shaped by the prevailing understanding of the issue. It is informed 
by the academic literature on clean cooking interventions and climate finance, policy docu-
ments and the interpretation of these documents. The promotion of clean cooking technologies 
can lead to trade-offs between climate mitigation and public health with non-negligible con-
sequences. Chapter 6 therefore analyzes the political, economic and ideational factors that 
shape the strategies of donors in the field of clean cooking. Finally, Chapter 7 looks at the 
challenges at the household level and presents a field study in India in which the effectiveness 
of awareness campaigns with respect to the consumption of clean fuels was tested. Chapter 8 
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2 FOSSIL FUEL SUBSIDIES AS A BARRIER TO 
SUSTAINABLE DEVELOPMENT 
At the Paris climate conference 2015, parties of the UNFCCC passed a new global climate 
change agreement that aims to limit global warming to well below 2 °C, and to take efforts to 
keep the temperature increase at 1.5 °C. In order to achieve the climate goals under the Paris 
Agreement, greenhouse gas emissions must be drastically reduced. In this context, a key con-
cern is to reduce the consumption of fossil fuels, the largest source of carbon dioxide (CO2) 
emissions. For many years, the policy debate in this area has been focusing on strategies based 
on taxes, emission allowances, statutory emission standards and other regulatory instruments. 
At the same time, fossil fuels are receiving strong support from governments around the 
world, for instance in the form of reduced end-user prices or preferential producer treatment. 
As global subsidies to global fossil fuels reach very high volumes, their elimination or reduc-
tion is a potentially highly effective instrument to combat climate change and promote energy 
transitions. Yet, the political economy and the social aspects surrounding fossil fuel subsidies 
are complex and mean that reforms are not at all simple. For instance, various groups such as 
consumers, energy intensive manufacturers or extractive industries have an interest in retain-
ing these subsidies. Some of these groups are well organized and have close links to policy 
makers. 
This chapter first provides a review of the scientific evidence on the scope and effects of 
fossil fuel subsidies. It then describes how international politics has been addressing the issue 
and discusses the arguments that scholars have put forward to explain the persistence of fossil 
fuel subsidies.  
2.1 Definitions and estimates 
There is no commonly agreed definition of fossil fuel subsidies on the international level. How-
ever, the Organization for Economic Co-operation and Development (OECD), the Interna-
tional Energy Agency (IEA) and the World Bank defined energy subsidies very broadly as “[...] 
any government action that lowers the cost of energy production, raises the revenues of energy 
producers or lowers the price paid by energy consumers” (IEA, OECD & World Bank, 2010: 
5). This definition recognizes that governments use a whole range of instruments to transfer 
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value to certain forms of energy and reduce their risk, and that these instruments often do not 
involve direct disbursement of money. 
Amongst the manifold types of fossil fuel subsidies that commonly exist, those which pre-
dominantly aim at lowering end-user prices for transport fuels (petrol and diesel), gas and 
kerosene used in homes and fuels for electricity generators and domestic industries remain 
most prevalent in developing countries (IEA, 2014). The purpose of such consumer subsidies 
is typically to provide poor households with access to energy and transport and to promote 
economic development. Governments put this type of subsidies in place through, e.g., prices 
set below the market price, reduced rates for retail taxes and public support to the distribution 
infrastructure.  
Producer subsidies on the other hand lower the production costs of oil, gas and coal, and 
typically aim at encouraging an expansion of domestic energy supply or supporting the export 
thereof. Examples of producer subsidies (in a wider sense, as defined above) include tax ex-
emptions, low-interest loans, grants, or insurance at favorable conditions for energy producers 
such as fossil fuel exploration and extraction companies or state-owned oil companies (OECD, 
2013). These forms of preferential treatment are less transparent than consumer subsidies, 
which is why producer subsidies can be difficult to detect and their magnitude challenging to 
quantify. Many G20 countries strongly support their domestic oil production, but several 
poorer countries and emerging economies also do (Rentschler & Bazilian, 2017). 
To define and estimate global subsidies, a number of different concepts are applied. In this 
context, one can distinguish between two main approaches. One is the inventory-approach, 
which identifies the government measures to support market participants and quantifies the 
resulting transfer (OECD, 2013). The other is the price-gap approach, assessing the difference 
between the observed and the ‘free market’, or benchmark price of an energy product (cf. 
Koplow, 2018, also for strengths and limitations of the two strategies). Consumer prices below 
the benchmark or rates paid to producers higher than the benchmark are hence defined as 
consumer and producer subsidies respectively. The benchmark price is generally based on the 
global market rate, and, for consumer subsidies, includes financial costs such as transporta-
tion- and distribution costs or the domestic VAT. Inventory- and price-gap approaches are also 
combined, notably in the OECD’s total support estimate (TSE), to assess the total of (i) price 
distortions and (ii) transfers that do not affect retail prices, on the producer as well as the con-
sumer side (Koplow, 2018).  
The most important estimates of total global subsidies are those produced by the IEA, the 
OECD and the IMF. These organizations’ estimates vary in terms of the main approach ap-
plied. In addition, there are differences regarding further conceptual issues, geographical cov-
erage and other factors, including data issues each approach is facing. The most widely em-
ployed values are those by the IEA. They are based on annual assessments of subsidies in 
40 countries using the price-gap approach. The OECD, based on its TSE approach, draws up 
inventories of government support for the production and consumption of fossil fuels and for 
general industrial infrastructure. The OECD estimates are also covering about 40 countries, 
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but mainly comprise advanced economies7F8, while the IEA data include far more developing 
countries (IEA, 2019b).  
The IMF, assessing the value of subsidies in 153 countries, provides the most comprehen-
sive data. The organization’s pre-tax subsidies result from a blend of estimates from both the 
IEA and the OECD, supplemented by internal estimates for other countries. The IMF further 
produces post-tax subsidy estimates, which include a hypothetical national sales tax, which 
accounts for price levels that are too low, according to the IMF and, primarily, for negative 
externalities associated with fossil fuel use such as local air pollution and climate change (Co-
ady et al., 2015; IMF, 2015; Shang et al., 2019). 
These differences result in largely diverging estimates of the size of global subsidies. A 
compilation by Koplow (2018: 32) that allows comparison across sources, global subsidies to 
fossil fuels in 2014 reached $506 billion U.S. dollars according to the IEA, $170 billion according 
to the OECD and $333 billion (pre-tax) or $5.3 trillion (post-tax) according to the IMF.8F9 Since 
the IEA estimates only account for a limited number of countries and do not take all govern-
ment measures into account, the values must can be regarded as a lower bound (Skovgaard & 
van Asselt, 2019). Regarding the upper-bound estimate provided by the IMF, the inclusion of 
large externalities (mainly health-related ones linked to coal) is controversial among some 
practitioners (Koplow, 2018).9F10 
Notwithstanding the differences outlined above, these estimates indicate very high vol-
umes of global fossil fuel subsidies. In several countries – namely countries in Central Asia 
and the Middle East, but also India – subsidies reached a relevant share of the gross domestic 
product (GDP) (Coady et al., 2015). 
As observed consistently by the IMF, the IEA and the OECD, global subsidy volumes 
peaked in 2012/2013 and then decline significantly until 2016. The downward trend was to 
some extent attributable to fuel price deregulations and reforms of subsidies, but are mainly 
driven by the decline of international oil prices during this period (IEA, 2019b; OECD, 2018; 
Shang et al., 2019). In line with this, when international oil prices rose again in 2017 and 2018, 
this was reflected in an increase in global oil subsidies, at least according to the estimates of 
the IEA and IMF (ibid). As an example, according to the IEA estimates, total government sup-
port to fossil fuel consumption was $276 billion in 2016 and went up again to $427 billion in 
2018 (IEA, 2019b)  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
8 In their 2017 inventory, the OECD (2018) covers the OECD members plus eight major other countries such as India, China and South 
Africa. 
9 All estimates in 2015 U.S. dollar. 
10 A detailed discussion of subsidy definitions, global estimates, main causes of differences in estimates and measurement gaps is given 
in Koplow (2018). 
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2.2 The economic, social and environmental impact of fuel subsidies 
2.2.1  Inefficiency and economic loss 
According to standard economic theory subsidies to fossil fuels create distortions of resource 
allocation (Mc Lure Jr., 2014). Subsidies lower the price paid by consumers and thereby drive 
a wedge between the value of each unit of consumption (approximated by the market price) 
and its actual (subsidized) price. This results in overconsumption of subsidized fuel (e.g., Al 
Iriani & Trabelsi, 2016) and keeps inefficient producers alive on the supply side. Hence, fuel 
subsidies would be causing a deadweight loss, even if there were no environmental impacts 
of fuel consumption. Evidence from partial- or general equilibrium models generally supports 
that energy subsidies reduce total welfare (Burniaux & Château, 2011; Davis, 2014; Plante, 
2014). 
2.2.2  Fiscal costs  
Fossil fuel subsidies further impose high fiscal costs. In the course of high and rising fuel prices 
after 2009, government expenditures on energy subsidies contributed in many countries to a 
fiscal burden, which was difficult to sustain. In countries of the Middle East and North Africa 
region for instance, fossil fuel subsidies reached on average almost 20 % of total public ex-
penditures in 2013/2014 (El-Katiri & Fattouh, 2017). Fossil fuel subsidies thus crowd out other 
expenditures potentially more essential for development, like expenditures for education or 
health, which has arguably adverse effects on the economy (Anand et al., 2013; Dartanto, 2013). 
Iran, for example, spent 15.3 % of GDP in 2018 on subsidies for fossil fuels, almost four times 
as much as on education (4 %) (IEA, 2019b; World Bank, 2020b). In Kazakhstan, subsidies were 
5.4 % compared to 2.8 % for education. A similarly small budget for health care is available in 
these and other countries compared to subsidy expenditure. 
2.2.3  Socioeconomic impacts 
Especially in low-income countries and emerging economies, governments commonly justify 
fossil-fuel subsidies as a means to assist the poor to gain or maintain access to essential energy 
services or as an instrument for income redistribution (Commander, 2012; Rao, 2012). Yet low-
income households frequently lack a connection to the electricity grid and do not own motor-
ized vehicles either (IEA et al., 2019; UNDP & WHO, 2009). Further, energy consumption is 
generally higher amongst wealthier households. For these reasons, it is usually the more af-
fluent households that receive the bulk of the subsidy payments, as shown by empirical evi-
dence from numerous countries (Arze del Granado, Coady & Gillingham, 2012; Coady et al., 
2006; IEA, 2011). Income benefits and the progressivity of fuel subsidies in developing coun-
tries vary significantly across fuels and depend on regional consumption patterns (Dube, 2003; 
Rao, 2012).  
Energy transitions Fossil fuel subsidies as a barrier to sustainable development 
 14  
 
Yet, even though the majority of subsidies benefit the wealthier households, reducing sub-
sidies and exposing the poor to the volatile market prices can result in a substantial decrease 
in those households’ real income (Coady et al., 2006). Also, regarding residential energy use, 
higher prices for modern energy can lock poor people into using solid fuels for cooking (Fay 
et al., 2015; Garg et al., 2017). Hence, ensuring that poor households obtain and retain access 
to modern energy services is very important. In this context, interventions to increase access 
to basic modern residential energy services such as electricity and clean fuels can have sub-
stantial development impacts (e.g., Barnes, Samad & Banerjee, 2014; Khandker, Barnes & Sa-
mad, 2013b, Bruce & Ding, 2014), whereby providing access to low-income households often 
requires subsidizing appliances and energy use.  
If they are successfully targeted at extending access to modern energy products to poor 
households, subsidies can therefore be an effective measure for poverty reduction. Most stud-
ies on the social impacts of fuel subsidies neglect these possibilities though and focus on the 
regressive distribution of subsidy benefits. 
2.2.4  Environmental impacts: climate change and health  
Fossil fuel combustion is associated with negative external effects such as climate warming 
and health risks from air pollution. The subsidized price hence lies even further below the 
optimal (or efficient) price for fossil fuels, resulting in greater levels of greenhouse gas emis-
sions and local air pollution.  
Estimates show that 4.9 million premature deaths are attributable to air pollution in 2017 
(Health Effects Institute, 2019). The combustion of fossil fuels in motor vehicles, for heat and 
power generation, in industrial and agricultural processes, and the use of polluting fuels in 
residential cooking, heating and lighting are major sources of air pollution. Hence, there is 
generally a strong link between deteriorated air quality caused by fossil fuel combustion and 
the global health burden, even though it is difficult to attribute individual health effects to 
specific sources of pollution. Since subsidies for fossil fuels encourage their use, phasing-out 
such support could cut mortality from air pollution massively (Coady et al., 2015). In the spe-
cific context of household air pollution, energy subsidies increase the consumption of both, 
polluting fuels like coal and kerosene, and of cleaner energy sources such as LPG and electric-
ity.  
Fuel subsidies further contribute to climate change, through several mechanisms. One is 
that artificially lowering production costs or consumption prices directly incentivizes exces-
sive consumption of fossil fuels. Hence, fuel subsidies cause higher CO2-emissions (IEA, 2015a; 
Stefanski, 2014).  
In addition, fossil fuel subsidies are a driver of carbon lock-in, because they support fossil 
fuel consumption and production instead of low-carbon alternatives (Newell & Johnstone, 
2018). Carbon lock-in is commonly understood as an example of path dependence, where fa-
vorable economic and social conditions in the beginning, increasing returns to scale and dy-
namics at the individual and societal level have led to an inertia of the system, which inhibits 
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the (rapid) transformation to a low-carbon society (Seto et al., 2016). Carbon lock-in is associ-
ated with the infrastructures and technologies that shape the energy supply, with the political 
decision-making processes and institutions that affect energy production and consumption 
patterns and with behavioral patterns and norms, related to the consumption of energy-related 
products (ibid.). 
Consequently, abolishing fossil fuel subsidies would reduce greenhouse gas emissions sig-
nificantly in the longer term. Recent estimations report that global greenhouse gas emissions 
could be 8 to 10 % lower if all countries jointly removed their subsidies, relative to a business-
as-usual scenario (Burniaux & Château, 2011; IEA, 2014). Coady et al. (2015) estimate a more 
drastic reduction of CO2 by 20 %, which is plausible given that the authors base their estima-
tions on the notion of post-tax subsidies. Schwanitz et al. (2014) confirm the benefits of phasing 
out fuel subsidies, while emphasizing that in the long-term, reductions of greenhouse gas 
emissions can only be realized to a small extent if phase out is not complemented by climate 
policies. Otherwise subsidy phase out could even slow down a global transition towards a 
renewable based energy system, as a removal of subsidies could lead to a drop in world market 
prices for fossil fuels. Results from modelling studies like those discussed above need cautious 
interpretation, as their results depend heavily on the underlying assumptions. In particular, 
price elasticities of fuel demand is a very controversial subject in the literature (e.g., Dahl 2012). 
A particularly important concern linked to the carbon lock-in effect of fuel subsidies is their 
impact on the generation and use of renewable energy. For instance, using spending cuts from 
the reform of fossil fuel subsidies to support the deployment of renewable energies would lead 
to further emission reductions. More generally, there is a price distortion resulting from fossil 
fuel subsidization, which is likely to affect the market for renewable energies (even if public 
savings from reform are not re-allocated to renewables). That is, the availability of underpriced 
fossil fuels encourages their continued use at the expense of other energy types, particularly 
renewable energy (Meier, Vagliasindi & Imran, 2015). There is however, to the best of my 
knowledge, hardly any empirical evidence on the effect of fossil fuel subsidies on renewable 
energy deployment. Chapter 3 addresses this gap in the literature.  
2.3 International politics of fossil fuel subsidy reform  
Against the backdrop of their adverse effects, fuel subsidies have moved up the political 
agenda and international organizations have been making considerable efforts to push for re-
ductions (Rentschler & Bazilian, 2017). The need for reform receives international attention at 
least since the summits of the G20 and the Asia-Pacific Economic Cooperation (APEC) in 2009, 
where governments vaguely committed to phasing out ´inefficient´ fuel subsidies (G20 - 
Group of Twenty, 2009). These initial commitments were mainly driven by the contribution of 
fuel subsidy reform to sound fiscal policy, climate change mitigation and energy security. 
Social equity and sustainable development have increasingly entered the debate as further 
arguments for reform, however (Fay et al., 2015). In the declaration of the United 
Nations’ (UN) Rio+20 conference for instance, countries emphasized that sustainable 
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development would be undermined by fuel subsidies and reaffirmed their commitments to 
reform (UN, 2012). Similarly, communiques of multilateral conventions like APEC (2013), G20 
(2014) and the ‘Friends of Fossil Fuel Subsidy Reform (FFFSR)’10F11 reflect the notion of combined 
environmental, economic and social benefits. The World Bank, the IMF, the UN, the IEA and 
the Intergovernmental Panel on Climate Change (IPCC) have all become strong supporters of 
subsidy reform on behalf of climate change mitigation and sustainable development (UNEP-
IMF-GIZ-GSI Workshop, 2014; Vagliasindi, 2013).   
The World Bank has played a particularly important role in the international political ef-
forts to reduce fossil fuel subsidies, especially in low-income countries (Skovgaard & van As-
selt, 2019). Through analytical work, but also through conditionalities (as part of structural 
adjustment programs), the Bank has promoted fuel subsidy reform since the 1980s (ibid.).  
Most recently, the World Bank, as well as the European Investment Bank, declared that 
they would refrain from investing in fossil energy production in the future, in an effort to 
support low-carbon development (European Investment Bank, 2019; World Bank, 2017b).11F12 
During the 2015 UNFCCC conference in Paris, explicit references to phasing out fossil fuel 
subsidies were only made at side-events, which are not part of the official negotiations and 
mostly organized by external actors.12F13 13F14 Nevertheless, the Paris Agreement implicates a clear 
commitment to promoting low-carbon energy transition. According to Terton et al. (2015: 3), 
13 countries have included the reduction of fuel subsidies in their intended nationally deter-
mined contributions in the run-up to Paris. Eventually, nine of these included fossil fuel sub-
sidies reduction in their nationally determined contributions (NDCs) (UNFCCC, 2020). The 
issue fully entered the mainstream development agenda when fuel subsidy reform was in-
cluded as sub-goal Goal 12.c in the SDGs in 2015 (UN, 2015: 19). 
Energy subsidies are still larger than the total bilateral aid in 59 % of recipient countries 
though and the donor community has devoted only few resources to supporting low-income 
countries to remove energy subsidies, apart from providing analytical work in support of in-
ternational diplomatic efforts (McCulloch, 2017). Indeed, there is only limited scope for devel-
opment projects in this area. Moreover, the low level of effort may be linked to the political 
sensitivity of fuel subsidy reforms. This issue is further discussed below.  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
11 FFFSR is an informal group of non-G20 countries that aims at building political consensus on the relevance of fossil fuel subsidy re-
form within forums like G20, APEC, World Bank, OECD, Sustainable Energy for All (SEforALL) and the SDG Agenda. Current mem-
bers of the group are Costa Rica, Denmark, Ethiopia, Finland, New Zealand, Norway, Sweden, Switzerland and Uruguay. In addition, 
more than 30 countries and 50 organizations have endorsed FFSR. See http://fffsr.org/ for more information. 
12 However, both reports suggest that under certain circumstances these banks will continue to support energy projects that contribute 
to the aims of the 2030 UN Agenda for Sustainable Development, particularly ensuring universal energy access.   
13 Notably, the International Institute for Sustainable Development organized a side-event titled “Fossil Fuel Subsidies and Climate 
Change: national action and international phase out”. For more information see https://unfccc.int/files/side_events_exhibits/applica-
tion/pdf/cop21cmp11_indc_side_events.pdf 
14 A suggestion that called on countries to reduce international assistance for emissions-intensive investments appeared in an earlier 
draft text during the negotiations in Paris, but was removed from the final version. See van de Graaf & Blondeel (2018). 
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2.4 Persistence of fossil fuel subsidies  
While the adverse consequences of fuel subsidies and the need for reform are politically 
widely recognized, actual policy responses rarely involve a complete subsidy phase-out. Gov-
ernments often prefer adopting reforms that encompass reducing subsidies, introducing better 
control mechanisms to reduce leakages or improving their targeting. In general, while low 
international oil prices have favored the phase-out of subsidies in recent years, actual progress 
on reform has been very slow (Clements et al., 2013; Rentschler & Bazilian, 2017).  
Especially low-income and emerging economies are facing strong political barriers to re-
form subsidies (Lockwood, 2014). As a consequence, reforms are rare and sometimes reversed 
shortly after implementation (IEA, 2014: 313). Attempts to reduce fuel subsidies have often 
triggered violent protest, for instance in Nigeria, Sudan, India or Jordan in recent years. A 
prominent example is Indonesia, where the long-time authoritarian leader Suharto was argu-
ably forced to resign in 1998 following riots against a government-led raise of fuel prices by 
up to 70 per cent (Lockwood, 2014).  
A growing literature is looking into why fuel subsidies are so pervasive despite their ad-
verse effects and why governments usually maintain them, even after the initial goals, such as 
ensuring a particular level of domestically produced energy or helping the industry to adopt 
a new technology, have been achieved (IEA, 1999; OECD, 2007).14F15 In one of the first political 
economy analyses of fossil fuel subsidies with a stronger focus on developing and transition 
economies, Victor (2009) noted that subsidy policies are determined by a combination of 
purely interest-based political purposes and “legitimate purposes”. The latter means goals 
such as transferring and redistributing income to the poor, supporting export or infant indus-
tries or diversifying energy supply. And once the subsidy policy is in place, “[...] regardless of 
its original purpose, interest groups and investments solidify around the existence of the pol-
icy and make change difficult” (Victor, 2009: 7). 
Regarding downstream or consumer-oriented subsidies, Victor argues that they are “pop-
ulist subsidies” (ibid.), initiated (at least initially) by the government to visibly transfer benefits 
in exchange of political support. The high prevalence of fossil fuel subsidies in major oil pro-
ducing countries might be seen in this light: as incomes from natural resources have been re-
garded as national wealth to be shared across all citizens, subsidies represent popular policies 
to channel these rents to the citizens (Segal, 2012: 344). However, political demand and influ-
ence alone cannot explain the prevalence of subsidies.  
Some scholars argue that fossil fuel subsidies may be chosen in particular by elites of au-
thoritarian states fearing instability and overthrow and that subsidy reform is more difficult 
in non-democratic states (Commander, 2012; Victor, 2009). An explanation for this populist 
paradox is the fact that income and wealth tend to be distributed more unequally in non-dem-
ocratic regimes. Subsidies are a credible means of providing income to the general population, 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
15 As discussed in 2.2.3, there can be a rationale for ongoing public support if people cannot/choose to consume less than the socially 
optimal level of electricity or clean fuels. However, social security measures targeted to the poor are considered much more effective 
though.  
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even if de facto the elites benefit most from them. Authoritarian regimes also provide fewer 
public goods (Bueno De Mesquita et al., 1999) and that further impairs the chances to change 
policy, e.g., in response to exogenous shocks such as an international price hikes (Commander, 
2012). 
More generally, scholars emphasize the need to look at the factors that lie beyond demand 
and condition the willingness and ability of governments to supply subsidies. According to 
Commander (2012), governments sometimes use subsidies because they lack other effective 
levers or institutional capacity to implement public policies. Notable examples may be the ex-
pansion of public transport or social security systems. Also, these governments may have 
problems with credibility and capacity to reform (Commander, 2012). In non-democratic re-
gimes, since they are commonly related to weaker institutions, subsidies are readily available 
mechanisms that require very little administrative capability.  
Some empirical evidence on subsidy provision across countries exists for gasoline pricing. 
One of the most important factor behind governments subsidizing fossil fuels is the fact that 
these governments themselves are major oil producers. Offering fossil fuel products at low 
prices is relatively easy for them and, as mentioned above, citizens expect that rents from na-
tional oil-production are shared (Baig et al., 2007; Cheon, Urpelainen & Lackner, 2013; Ross, 
Hazlett & Mahdavi, 2017). No substantive and consistent effects have been identified for sev-
eral general indicators of institutional quality such as bureaucratic capacity and corruption. 
However, according to Cheon, Lackner & Urpelainen (2015), the presence of a national oil 
company as a specific form of resource governance, is associated with significant subsidies on 
petroleum products, since governments use these companies to mitigate impacts of rising in-
ternational oil prices. The same group of researchers also provided empirical evidence for the 
aforementioned proposition that subsidies are systematically higher in autocracies than in de-
mocracies (see also Cheon, Urpelainen & Lackner, 2013). 
Once governments are willing to implement reforms, the opposition of citizens is likely to 
present a major constraining factor on them. A key determinant of public opposition to reform 
is the adverse effect of subsidy cuts on people’s economic welfare. In this context, even though 
in absolute terms, the rich obtain most subsidies, the adverse effects of removing subsidies are 
thought to be most severe for the poor, relative to income (Arze del Granado, Coady & Gil-
lingham, 2012; IEA, OECD & World Bank, 2010). 
Another constraining factor for public acceptance is that the population is mostly far from 
being accurately informed on what subsidies consumers or producers receive and how the 
subsidies are financed (e.g., Commander, 2012).  
To improve public support, policy experts commonly suggest to use a part of the savings 
from eliminating subsidies for better targeted transfers or other development measures to 
compensate the poorest households (Baig et al., 2007; Mc Lure Jr., 2014; Vagliasindi, 2013). 
Policy recommendations further include extensive information campaigns and a clear sched-
uling of gradual price increases, communicated in advance (Beaton et al., 2013; Clements et 
al., 2013; Dansie, Lanteigne & Overland, 2010). 
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However, it is still the case that “reform is almost universally politically controversial” 
(Lockwood, 2014: 2). Most often governments do not get through fuel subsidy reforms, even 
in democratic contexts and when the magnitude and shortcomings of fossil fuel subsidies are 
recognized, and sometimes even if reform is expected to benefit the majority of the population 
(Calvo-Gonzalez, Cunha & Trezzi, 2015).  
The literature which shows that individual uncertainty may lead to a status quo bias can 
partly explain why policy makers regularly fail to persuade the electorate of the benefits of a 
policy change (Fernandez & Rodrik, 1991). Evidence from case studies on subsidy reforms 
suggests that uncertainty stems inter alia from the public’s lack of confidence in the govern-
ment to use savings from subsidy reform wisely.  
The discussion of the literature above emphasizes the importance of appreciating the po-
litical-economic aspects of subsidy reforms. Some of these have not yet been comprehensively 
addressed in the literature. This thesis, however, hereafter focuses on the consequences of fuel 
subsidies in the context of energy transitions
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3 THE EFFECT OF FOSSIL FUEL SUBSIDIES ON 
RENEWABLE ENERGY DEPLOYMENT15F16  
3.1 Introduction 
Global energy systems are currently facing major challenges. Population growth and acceler-
ated urbanization entail that the rapid increase of the demand for electricity and other forms 
of energy will continue, particularly in developing and emerging countries. Moreover, hun-
dreds of millions of people still have no access to electricity and other basic energy services 
(see Part II). Making modern forms of energy available to reduce poverty and support eco-
nomic development requires large-scale, reliable and affordable power supply for households 
and businesses, amongst others. At the same time, minimizing the environmental conse-
quences of increased energy supply in the long term and meeting the ambitious climate miti-
gation goals established in Paris in December 2015 requires a quick transition away from fossil 
fuels. In this context, the increased use of renewable energy becomes ever more relevant (Brad-
shaw, 2014; Stadelmann & Castro, 2014). 
Renewable energy generation has grown impressively in the past decade.16F17 In 2014, renew-
ables accounted for 85 per cent of the global increase in total power generation (IEA, 2015b). 
However, non-conventional renewables (i.e., all renewables except hydro power) still ac-
counted for only 6 % of global electricity production in 2014 (REN21, 2015). 
In the academic debate on how to increase the share of renewable energy, fossil fuel subsi-
dies are an often neglected factor. However, such subsidies result in price distortions that must 
be expected to affect the markets for renewables. It is therefore critical to consider fossil fuel 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
16 This chapter is based on the following article: Zahno, Martina & Paula Castro (2017) Renewable energy deployment at the interplay 
between support policies and fossil fuel subsidies. In: Stefan E. Weishaar, Larry Kreiser, Janet E. Milne, Hope Ashiabor & Michael 
Mehling (eds) The green market transition: Carbon taxes, energy subsidies and smart instrument mixes. Critical issues in environmental 
taxation volume 19. Cheltenham, UK: Edward Elgar Publishing, 97–112. 
Contributions to the article:  
Martina Zahno: Conceptualization, data curation, formal analysis, writing – original draft, writing – review and editing.  
Paula Castro: Conceptualization, formal analysis, writing – original draft, writing – review and editing. 
The chapter at hand is more comprehensive than the article, discussing the theoretical arguments, the data used, the rationale for the 
statistical methods applied and the results in more detail. In particular, the author of this dissertation provides an own methodological 
elaboration to illustrate the statistical models employed and, based on this, performs a somewhat different statistical estimation than in 
the published article. 
17 Note that this study was conducted in 2016, with data available until 2013. 
Energy transitions The effect of fossil fuel subsidies on renewable energy deployment 
 21  
 
subsidies as part of the relevant policy mix when assessing the effectiveness of renewable en-
ergy support schemes. 
Using panel data from 155 countries between 2003 and 2013, in this study we provide the 
first systematic, cross-country evidence that fossil fuel subsidies are highly likely to present a 
significant barrier to the deployment of renewable energy, even in the presence of policies that 
also subsidize or otherwise support renewables.  
We focus on the generation of electricity from non-conventional renewable energy sources. 
We intentionally exclude large hydropower from the analysis, since investment decisions re-
garding large hydro facilities follow a very different rationale than investment in other renew-
ables17F18 and can be considered a traditional and competitive electricity source already. 
The remainder of this chapter is structured as follows: Section 3.2 summarizes insights 
from economic theory and empirics regarding the impact of fossil fuel subsidies. The data and 
descriptive statistics are presented in Section 3.3, followed by a panel regression model of the 
determinants of renewable electricity production, with a special focus on the effect of fossil 
fuel subsidies and policies to support renewables in Section 3.4. We discuss our findings in 
3.5. Section 3.6 concludes. 
3.2 Undesirable effects of fossil fuel subsidies: insights from economic theory 
Chapter 2 already demonstrated that many governments heavily subsidize fossil fuel based 
energy production or prices and that these subsidies lead to distortions of resource allocation, 
reduce total welfare and have a negative impact on the environment.  
Regarding the specific impact on renewable energy deployment, straightforward economic 
rationale predicts that subsidizing fossil fuels – a close substitute of renewables – leads to re-
duced demand for and lower production of energy from renewables. The focus of this study 
is on the proposed consequences for the case of electric power. Direct effects are expected 
where subsidized oil, natural gas and coal are used as input in power utilities. Any price re-
duction of the fossil alternative will reduce the optimal quantity of energy produced from re-
newable sources (Meier, Vagliasindi & Imran, 2015).  
Beyond this direct competition effect, more indirect effects are likely. The position of fossil 
fuels in the power supply system could further be reinforced by an ‘incumbency advantage’ 
created by fuel subsidies. For instance – given that returns to scale are usually increasing in 
the sector – a slowdown of renewables deployment may lead to a decline in learning rates and 
the associated cost reductions. Moreover, fossil fuel subsidies may drain financial resources 
away from investments in low carbon technology and infrastructure, since their presence im-
pairs the conditions for investments in renewable alternatives compared to fossil-fuel-based 
technologies (IEA, 2014: 324 ff.; Kitson & Bridle, 2014; Whitley, 2013). 
Strong fluctuations in global oil, coal and natural gas prices may reinforce or weaken the 
relevance of fuel subsidies for renewable energy production. Yet, fossil fuel subsidies arise due 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
18 Large hydropower is for instance frequently financed by large multilateral loans and has very long planning periods. 
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to a public policy – their intended effect in many countries is to increase the production and 
consumption of such fuels – and are often provided over long periods. Long-term subsidy 
schemes hence decrease electricity input prices and consumer end prices on a more constant 
base than short- and middle-term deviations of international fuel prices do. Thus, fossil fuel 
subsidies more steadily undermine the investment case for low-carbon energy. 
More importantly, investment in renewable electricity capacities relies on subsidies or 
other support schemes to ensure market entry. Despite falling technology costs, more than 
80 % of the power generation capacity from renewables (excluding hydropower) was not com-
petitive yet in 2014 without financial support (IEA, 2015b: 379). For this reason, lower prices 
for other fuels used in power generation may increase the costs of subsidy schemes for renew-
ables.  
IEA experts consider a major decline of policy support for renewable energies in the elec-
tricity sector due to lower oil prices unlikely, not least because long-term goals like diversify-
ing the energy supply and increasing low-emission power generation to achieve climate miti-
gation targets remain in place (IEA, 2015b: 182–183). Nevertheless, evidence from selected 
countries suggests that government expenditures in fossil fuel subsidies may crowd out public 
support for renewable technologies directly (Meier, Vagliasindi & Imran, 2015). Persistent 
crowding out effects on renewable energy support schemes are hence likely in the case of fuel 
subsidies. 
Based on the literature and general theory discussed above, we expect fossil fuel subsidies 
to matter for the deployment of renewables, beyond the effect of domestic support schemes 
for renewable energy. In particular, we conclude that fuel subsidies should negatively affect 
the share of renewable electricity. 
Empirically, only a few studies address the potentially negative effect of fossil fuel subsi-
dies on renewables. Case studies in Middle-Eastern and North African countries illustrate how 
the relative cost advantage of wind and solar technologies due to favorable climatic conditions 
is thwarted by fossil fuel subsidies (Bridle, Kiston & Wooders, 2014). Schmidt, Born & Schnei-
der (2012) show that the cost differential between renewable energy and conventional technol-
ogies varies largely across specific country-technology combinations, so that fossil fuel subsi-
dies have a leverage effect if there is a relatively small cost differential between renewables 
and the unsubsidized baseline. 
However, to our knowledge, so far no large cross-country empirical evidence exists on the 
potentially adverse effect of fossil fuel subsidies on renewable energy deployment. In this 
chapter, we thus add a macro perspective to the existing (comparative) case studies, by exam-
ining the hypothesis that higher levels of fossil fuel subsidies go along with a lower contribu-
tion of renewables to power generation, even after major determinants of renewable energy 
generation are controlled for.  
In the following empirical part, we will first present the data on our main variables and 
explore the outcome variable (share of renewable electricity) and its relation to fossil fuel sub-
sidies across countries descriptively before we move on to multivariate regressions. 
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3.3 Data and descriptive analysis 18F19 
3.3.1  Fossil fuel subsidies 
The systematic collection of data on the extent and volume of subsidies on fossil fuels presents 
a challenge that has only recently been taken up. As discussed in Chapter 2.1, the organizations 
concerned with the measurement of subsidies apply different approaches, with correspond-
ingly divergent estimation results.  
For the analysis at hand, we use the IMF’s country‐level subsidy estimates, (Coady et al., 
2015; IMF, 2015). While data on the extent and volume of fossil fuel subsidies is generally very 
incomplete – e.g., regarding support for fuel extraction and refining – this dataset contains the 
most comprehensive and consistent estimations available.  
We focus on consumer subsidies for gasoline, diesel, coal and natural gas, for both house-
holds and firms (like electric utilities or industry). The IMF dataset further contains comple-
mentary data on production subsidies for OECD countries. However, given that the data on 
producer subsidies is incomplete across the whole country sample, we decided to exclude 
them from our analysis. Their size (for those countries with complete data) is comparatively 
small compared to the consumer subsidies though, so we do not expect this omission to be too 
problematic. In addition, by excluding them, we err by being more conservative. If we none-
theless find a negative effect of the consumer fossil fuel subsidies, then it means that the true 
effect, including the producer subsidies, must be even larger.  
Consumer subsidies are estimated using the price gap approach (see 2.1), which compares 
end‐user prices with some reference price. The total value of fossil-fuel subsidies for a given 
country corresponds to the aggregated size of the price gap for each fuel in each sector, multi-
plied by the volume consumed (IEA, 2014: 318–320). The reference price according to the IMF 
estimations is given by the full cost of supply, i.e., “the opportunity cost to a country of sup-
plying the energy product to consumers”. For internationally traded products, this cost is 
given by their international price adjusted for transport and distribution costs. For non‐traded 
goods, the supply cost is the domestic cost of production evaluated at efficient prices (Coady 
et al. 2015: 8). 
We use the IMF’s pre-tax subsidy estimates, which do not include the negative external 
costs from the combustion of fossil fuels. Overall, the data used in this study are therefore 
conservative estimates of actual subsidies (similar to those of the IEA, see 2.1), implying that 
we might underestimate their actual effects. Subsidies are expressed in U.S. dollars per capita.  
3.3.2  Share of electricity from non-conventional renewables 
Our dependent variable is the share of net electric power generated from non-conventional 
renewables including geothermal, solar, tide and wave, wind, biomass and renewable waste. 
As we intentionally exclude hydropower from our analysis, our approach deviates from other 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
19 Data and code are available from the author on request.  
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studies of renewable energy growth determinants, e.g., the one by Aguirre & Ibikunle (2014), 
which is based on a measure that includes hydropower. 
Data is obtained from the US Energy Information Administration (EIA, 2016), whereby 
missing values for 2013 are imputed using IEA (2016b). The resulting dependent variable is 
censored at zero and has a large proportion of zeros, since electricity production from renew-
able energy sources apart from large hydro has not been prevalent in many countries – partic-
ularly developing and emerging ones – until very recently (see Figure 1 and Figure 2). Figure 3 
displays the development of renewable energy contribution between 2003 and 2013 for differ-
ent income-groups of countries. Modern renewable electricity were not yet widespread in 
most countries. During the observation period, its share has only surpassed 30 % in Denmark, 
Germany and Nicaragua. The clearest upward tendency during the period under study can 
be recognized among the advanced economies, but renewables were also on the rise in emerg-
ing countries. In particular, in recent years (not covered in this study), Asia has experienced a 
strong expansion of wind and solar energy, fostered by high ambitions in China and India and 
bioenergy and wind were quickly expanding in Latin America and the Caribbean (IEA et al., 
2019). Across low-income countries, the development has been ambiguous but with a strong 
upward trend starting in 2012. Nonetheless, non-conventional renewables are still non-exist-
ent until 2013 in 37 out of the 57 low-income countries included in the sample. 
Figure 1 Distribution of the dependent variable (share of electricity from renewables) 
Original data and after log-linear transformation 
Share of renewable electricity (without hydro)  Share of renewable electricity (without hydro, after log-
linear transformation)19F20  
Source: International Energy Statistics data from EIA (2016). 
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Figure 2 Average share of renewable electricity by income groups (boxplots) 
Source: International Energy Statistics data from EIA (2016), data on country income categories from IMF 
(2015). 
Figure 3 Time series for average renewable shares, by country income categories 
 









Advanced Economies Emerging Market Economies Low-Income Developing Countries
Graphs by IMF country income categories, data from EIA 2016 with missing values imputed from IEA 2016
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3.3.3  Bivariate relationship between fossil fuel subsidies and renewable electricity share 
First insights on the potential relationship between the share of renewables and fossil fuel sub-
sidization can be gained from plotting the two variables. Figure 4 displays the plotted pairs of 
the two variables’ values across countries for the year 2013 (with jitter)20F21 and a locally weighted 
scatterplot smoothing.21F22 Data on Denmark as top oil producer with zero official fossil fuel sub-
sidies and a very high share (48 %) of renewables is excluded for this graph to ensure a single 
outlier does not drive results. Across all observations, the data broadly supports the hypothe-
sis that higher fuel subsidies tend to go along with lower shares of renewable electricity. A 
linear relationship is not recognizable. It can however be stated that the vast majority of coun-
tries with high fossil fuel subsidies have very low shares of renewables in their power mix 
(lower than 5 per cent). At the same time, virtually all countries with a significant contribution 
of renewables do not subsidize fossil fuels or only marginally. 
Figure 4   Share of electricity from renewables and fossil fuel subsidies in 2013 
 
Data for 131 countries in 2013. Graphs by dummy indicating country is among top 30 oil producers 
globally. Sources: Energy Statistics data from EIA (2016), data on subsidies from IMF (2015) and data on 
population from World Development Indicators (World Bank, 2016), based on data from the IEA, the 
OECD and the World Bank.   
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
21 Jitter is an option in Stata’s graph twoway scatter command. It adds spherical random noise to the observations before producing the 
scatterplot, and by doing so, provides a better visual sense of how many observations relate to each pair of the two variables’ values. 
For more information, see https://www.stata.com/manuals/g-2graphtwowayscatter.pdf. 
22 Stata’s lowess command carries out a locally weighted regression of Y ( percent of electricity from renewables) on X (FFS) and displays 
the graph. For more information, see https://www.stata.com/manuals/rlowess.pdf. 
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Figure 4 further shows separate plots for the 30 top oil-producing countries globally as 
compared to other countries, illustrating how the subsidization of fossil fuels is particularly 
prevalent in major oil producing countries. Limiting the group of oil producers to OPEC coun-
tries would indeed leave us with a share of renewables that is close to zero (not shown here). 
However, including all 30 top oil-producing countries shows that there is substantial variation 
in the degree of subsidization as well as renewables participation even within this group. 
Alternative plots using data from emerging and developing countries, as well as varying 
the threshold for the number of top oil producers shows comparable results, indicating that 
the high shares of renewables in advanced economies do not drive the relationship. 
3.4 Multivariate regression analysis 
While the bivariate graphs suggest a negative relationship between fossil fuel subsidies and 
the share of renewable electricity, in this section this hypothesis is tested rigorously. We set up 
a full panel regression model on the determinants of electricity generation from renewables. 
Apart from fossil fuel subsidies, a special focus lies on the role of renewable electricity 
support policies. As explained above, in most cases the installation of modern renewable elec-
tricity generation capacities still relies on financial support. We are thus interested in how such 
financial support affects the deployment of renewable electricity after accounting for the hy-
pothesized detrimental effect of fossil fuel subsidies. Given that there are no data on the actual 
magnitude of financial incentives for renewables, we proxy such support through a count var-
iable for a range of country-level policies providing financial support to grid-based renewable 
electricity production, including feed-in tariffs, other financial incentives such as tax exemp-
tions or reductions, public investments and renewable energy tenders. We exclude softer sup-
port measures, such as framework policies for renewables or renewable energy targets from 
the regressions shown here, as we do not expect them to be that relevant. However, robustness 
tests with a variable that counted all existing support policies did not alter our results signifi-
cantly. Data from Stadelmann & Castro (2014) serve as a basis and are completed for advanced 
economies and updated using data from REN21 (2015) and the Global Renewable Energy pol-
icies and measures database (IEA & IRENA, 2016). 
3.4.1  Estimation method 
Our descriptive analysis of the data revealed that while the contribution of non-conventional 
renewables to electricity supply varies enormously between countries, the change within 
countries over time is very small for most countries. Hence, our data – covering a relatively 
short time period from 2003 to 2013 – cannot reflect the slow transition towards renewable 
energy well. Consequently, the role of fuel subsidies is analyzed with a focus on exploring the 
variation between countries.  
Apart from addressing the particular structure of the dependent variable, we have to ac-
count for clustering of the observations on the country level. Random-effects models allow us 
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to model several important covariates of interest that are time-invariant or very sluggish – 
such as the potential for renewable energy production. However, these models rely on the 
assumption that the random effects are uncorrelated with the observed covariates. If this con-
dition is not met, e.g., because unobserved heterogeneity at the cluster (country) level cannot 
be controlled for, the estimated model coefficients are biased. Fixed-effects models that treat 
all unobserved effects on the cluster level as fixed provide consistent estimates of time-variant 
covariates, despite unobserved heterogeneity at the cluster level. Yet, since fixed-effects model 
estimation uses only within-country variation in the explanatory and dependent variables, 
while most of the variation in our variables of interests is across countries, we cannot rely on 
fixed effects models to control for this potential source of bias. Moreover, along the lines of 
Bell & Jones (2015), we believe that it is profoundly important to our research question to un-
derstand and model the role of country context explicitly.  
As a compromise, we opt for a hybrid model that separates between- and within-cluster ef-
fects for the time-variant covariates. The general formulation for the hybrid model by Allison 
(2009) is given by:  
 𝑌𝑖𝑡 = 𝛽0 + 𝛽1(𝑥𝑖𝑡 − ?̅?𝑖) + 𝛽2𝑐𝑖 + 𝛽3?̅?𝑖 + 𝜇𝑖 + 𝜀𝑖𝑡 
 𝑥𝑖𝑡 is a variable that varies between and within countries, and 𝑐𝑖 is a variable that varies 
only between countries. 𝜇𝑖 is the between-country error and the random intercept, and 𝜀𝑖𝑡 is 
the between and within error. Country-specific means of 𝑥𝑖𝑡  ( ?̅?𝑖) and deviation scores 
([𝑥𝑖𝑡  −  ?̅?𝑖], also referred to as group mean centering), are generated before fitting the hybrid 
model with panel random-effects estimation (including both the cluster specific mean and the 
deviation from the cluster-specific mean in the model). 𝛽1 corresponds to the within-country 
estimate of time-varying variables and 𝛽3 estimates their between-cluster effect (Schunck & 
Perales, 2017). The approach pursued in this model is not new. The correlated random effects 
model which was first proposed by Mundlak (1978) is mathematically equivalent to the hybrid 
model (Wooldridge, 2010).22F23 In linear models, both estimation strategies yield unbiased esti-
mates of the within-effects for time-varying variables (in fact, estimates for these variables are 
identical to those from a fixed-effect model in linear models), yet they allow inclusion of time-
invariant variables (Allison, 2009; Mundlak, 1978; Schunck, 2013).  
Due to strong autocorrelation in the dependent variable, we include year fixed effects that 
should account for broad trends such as technological change and the associated cost reduc-
tions as well as international fuel prices or global economic developments. Alternative panel 
regressions, where we estimate population-averaged effects and apply first-order autoregres-
sive error terms do not substantively alter our results (not shown). 
Different estimation methods may be applied to account for the censored data structure 
and the large proportion of zeros in the dependent variable. Due to non-normality of the data, 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
23 Yet it includes the undemeaned form of the time-varying variables 𝑥𝑖𝑡 and as a consequence, the estimated effect of ?̅?𝑖 is not the be-
tween effect, but the difference between β1 and β3. See also Schunck  (2013). 
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even after a log-linear transformation, a panel Tobit model cannot be applied. We therefore 
apply a two-part model.23F24 Two-part models are a common alternative to panel Tobit models 
for modeling censored data such as ours and further allow for the possibility that the zero and 
positive values are generated by different mechanisms, that is, affected by different sets of 
variables or affected differently by the same variables. 
In our case, for the first part, we apply probit models to predict the likelihood that country 
i generates a positive amount of electricity from non-conventional renewables in year t. For 
the second part, containing positive values for the dependent variable y, we transform y to 
logs and estimate the relationships between y and the other variables of interest in a linear 
panel regression model. For both parts, within and between effects are decomposed as out-
lined above, for those variables that vary sufficiently within clusters and for which within-
cluster effects are statistically different from the between-cluster effects. We do so using Stata’s 
xthybrid command (Schunck & Perales, 2017) that allows testing the random-effects as-
sumption (implying that the between-cluster effects are statistically not different from the 
within-cluster effects) for individual regressors. Appendix A provides further explanations on 
the estimation strategy and compares an exemplary version of the hybrid model used in this 
chapter (see 3.5) with alternative panel data models commonly applied in the context of un-
observed effects. 
3.4.2  Determinants of renewable electricity generation 
In addition to analyzing the effect of fossil fuel subsidies and renewable electricity support 
policies, we control for further variables that the existing literature on the determinants of re-
newable energy production or consumption has found to be relevant (Aguirre & Ibikunle, 
2014; Marques, Fuinhas & Pires Manso, 2010; Popp, Hascic & Medhi, 2011; Sadorsky, 2009a, 
2009b).  
High-income countries have a better capacity to invest in renewable electricity. The envi-
ronmental Kuznets curve theory further suggests that while in the early stages of economic 
development, material well-being is valued more than environmental amenities, citizens pay 
greater attention to the environment once a sufficiently high standard of living is attained (Ar-
row et al., 1995). We hence add a control for the log of GDP per capita in constant purchasing 
power parity terms (constant 2011 international dollar). The data is obtained from the World 
Development Indicators (WDI) (World Bank 2016). The argument above however holds only 
to the extent to which policies reflect people's preferences. In democracies, the population’s 
preferences (including those for a clean environment) are better represented. More generally, 
democratic regimes are more responsive to the demand for public goods than authoritarian 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
24 In preliminary regressions, we also tested a pooled Heckman selection model. However, in most specifications of this model the re-
sults showed that, the selection and the outcome equations can be assumed to be independent. Furthermore, it was difficult to find a 
credible exclusion restriction that is necessary to make the Heckman estimation robust. We therefore turned to the simpler two-part 
models. This, in addition, allowed us to exploit the panel structure of the data. 
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regimes (Bueno De Mesquita et al., 1999). Based on this rationale we control for the level of 
democracy using the Freedom House ‘polity’ indicator (Freedom House, 2015).24F25 
The cost of renewable electricity depends crucially on the local availability of the corre-
sponding resources. We thus include a variable that aggregates the country-level technical 
potential for energy production from different renewables (including solar, geothermal, on- 
and offshore wind, and sugar crops and livestock manure as proxies for biomass potential), 
estimated by Buys et al. (2007, 2009).25F26 
We additionally account for the energy consumption of a country – which should affect 
demand for renewables – by including the logged total primary energy consumption, with 
data obtained from the IEA (2016b).  
Electricity supply from renewables is also related to energy security concerns. The litera-
ture suggests that the deployment of renewables is incentivized by the aim to substitute energy 
imports with locally produced energy (Gan, Eskeland & Kolshus, 2007). Following Marques, 
Fuinhas & Pires Manso (2010), we calculate the dependence on energy imports by taking the 
difference between countries’ total energy exports and total energy imports and expressing it 
as a share of their total energy consumption. The data is from EIA (2016). 
Environmental concerns can be expected to simultaneously affect the share of renewables 
and fossil fuel subsidies. As a measure for countries’ efforts in promoting environmental 
quality we use an adapted version of the Environmental Performance Index (Hsu et al., 2016; 
YCELP, CIESIN & WEF). We excluded two categories of components from the composite 
index. First, measures of environmental stresses on human health, as they are strongly poverty 
related (e.g., access to drinking water and sanitation or child mortality) and second, climate 
policy indicators such as CO2 emission intensity, which would be good controls for a country’s 
level of responsibility towards climate change, but can cause a problem of reverse causality. 
That is, while we expect that countries with higher emissions should have a higher incentive 
to deploy renewables, at the same time increasing renewables reduces emissions. Robustness 
checks with the complete Environmental Performance Index or with a dummy indicating time 
of Kyoto Protocol ratification as a more direct control for concerns regarding climate change 
did not change our findings (not shown). 
The presence of oil and gas resources is another relevant factor. Major oil producers tend 
to support the domestic oil industry and hold domestic fuel prices low. This structural bias 
can be expected to have a negative impact on the support of renewables deployment. However 
from a long-term perspective, volatile global oil prices might also incentivize investments into 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
25 Data retrieved from the Quality of Government Dataset, by Teorell et al. (2016). In addition, government effectiveness is an important 
precondition for any investments in a country. We thus tried controlling for government effectiveness using data from the Worldwide 
Governance Indicators in robustness checks, but its effect is unclear given the strong correlation with income and democracy. See Kauf-
mann, Kraay & Mastruzzi (2011). 
26 The World Bank paper also included estimates for hydro, jatropha and switchgrass ethanol potential. As we exclude hydro power 
generation from our study, and as jatropha and switchgrass are used to produce biofuels destined mainly for transport, we do not include 
these estimates in our operationalization of renewable energy potential. However, robustness tests including jatropha and switchgrass 
potential did not affect our results significantly. Also, robustness checks in which we controlled for the different sources of renewable 
potential in separate variables did not affect our results substantially.  
Energy transitions The effect of fossil fuel subsidies on renewable energy deployment 
 31  
 
alternative domestic energy supply in order to free oil resources for exports. 26F27 Major oil pro-
ducing countries also generally face comparatively lower financial constraints with regards to 
support for new renewable energy infrastructure. Hence, effects in both directions are plausi-
ble. We thus include a dummy for members of the Organization of the Petroleum Exporting 
Countries (OPEC) as an indicator for oil-producing countries in our model. Since the net im-
port variable is likely to reflect to some extent the oil and gas resources of a country, we will 
also present models that do not include the net import variable in order to address multicol-
linearity issues. 
3.5 Results 
Table 1 and Table 2 present the results of our main two-part regressions for different model 
specifications in the binary and the positive part respectively. Overlined variables denote the 
country-specific means with their coefficients indicating between-country effects (see 3.4.1.). 
In terms of the probability that a country produces any amount of electricity from renew-
able energies at all, our estimates from the basic model in Table 1, Column 1, do not indicate a 
statistically significant relation to fossil fuel subsidies.27F28 In contrast, the coefficients for renew-
able energy support policies are significantly positive in the between part of the regression. 
The average partial effect (APE) shown along with the coefficient suggests that every thing 
else being equal, countries that had on average one more financial support measure in place 
during the observed period were on average about 20  percentage points (pp) more likely to 
produce some of their electricity from renewable energy sources. Providing financial support 
to grid-based renewable electricity production through measures like feed-in tariffs, tax ex-
emptions or renewable energy tenders thus seems to be critical for setting the initial stage of 
producing renewable electricity, even though no significant effects seem to stem from within-
country increases in the number of financial support policies over time. The latter holds for 
the main models presented here, in which we do not take into account the time-lagged effects 
of support measures, as we consider a relatively immediate effect to be realistic for financial 
support measures that are announced well in advance and since we preferred not to reduce 
the size of the already short panel data set. However, estimations of the basic model in Col-
umn 1 where support measures are included with a time lag of one to 3 years suggest a statis-
tically significant relationship between support measures and the probability of electricity pro-
duction from renewables with a 3-year time lag (see Table A 3, Column 3 in Appendix B.) The 
APE corresponding to the coefficient of RE policies (t-3) is 0.052, suggesting that an additional 
financial support policy for renewables in country i increases its probability of generating 
power from renewables by 0.05.   
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
27 This is apparently the case in a number of countries in the Middle East, one of the few regions where oil is still widely used in the 
power sector; the sharp fall in oil prices in recent years has led to efforts to reduce domestic oil demand and to replace parts of the fuel‐
based power generation by renewables according to The Guardian  (2016). 
28 Note that due to a lack of alternative comprehensive datasets on the volume of fossil fuel subsidies on the country level (see 2.1), we 
did not run robustness tests with other fuel subsidy estimates. 
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The coefficients of the control variables are generally as expected, and, as can be shown 
when separating effects for all time-varying variables (see Zahno & Castro, 2017: 105), they are 
observed mainly at the between-country level. Regarding environmental concern, a country 
scoring on average 10 points higher on the environmental performance index (scale = 0 to 100) 
than others is 5 pp more likely to produce some of its electricity from renewable energy 
sources. For the OPEC dummy, we find a highly significant negative effect on countries’ like-
lihood to invest in renewable electricity (decresase by 0.35). This result supports the hypothesis 
that fuel-based economies are far from a transition towards higher shares of renewables.   
Furthermore, a renewable energy potential, which is increased by 10 megatonnes of oil 
equivalent (corresponding to about twice Switzerland’s total power consumption), raises the 
probability of renewable electricity production on average by 0.01. In contrast, we cannot de-
tect any statistically significant link between the probability of electricity production from re-
newables and the covariates GDP and democratic institutions in our main model. The non-
significant effect of GDP might be explained by the fact that environmental protection strongly 
correlates with the increasing wealth of countries, which is why the coefficient of the environ-
mental performance index partly reflects the effect of economic prosperity. In alternative esti-
mates, in which we include the ratification of the Kyoto Protocol instead of the environmental 
performance index to reduce this collinearity, we find significant positive effects of GDP (not 
shown).28F29 
The models in Columns 2 and 3 additionally include primary energy consumption and the 
dependence on energy imports (i.e., the share of net imports) as further important factors that 
are likely to affect the demand for renewables. Despite careful variable selection, some of the 
energy-related predictors deemed important on theoretical grounds are collinear, notably 
GDP, energy use and fossil fuel subsidies. Net imports are furthermore defined as a share of 
energy consumption and are hence per definition correlated with the latter. The fact that our 
dataset is relatively small tends to exacerbate the risk of multicollinearity problems. In order 
to reduce multicollinearity, and the risks of unstable coefficients that are difficult to interpret 
that it implies as far as possible, we add the additional, energy-related variables in separate 
models.  
Our results in Column 2 suggest that on average, a 10 % increase in total primary energy 
consumption is associated with an only slightly higher probability of power generation from 
renewables (increase of 0.005). This result remains essentially the same when we exclude GDP 
from the regression in Column 2 (not shown). Somewhat surprisingly, the coefficient of GDP 
is negative and significant in this specification. Yet, the APE is substantively very small (0.003 
increase in predicted probability when increasing GDP per capita by 10 %) and, given the col-
linearity with energy consumption (Pearson's r=0.57), the unstable results for GDP across spec-
ifications (1) to (4) may be a consequence of remaining multicollinearity.  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
29 However, the effect is not significant across all specifications. Moreover, these models fail to capture a country's general commitment 





Table 1 Regression results for the likelihood to produce electricity from renewables 
 Model  (1) (2) (3) (4) 
   Coeff APE Coeff APE Coeff APE Coeff APE 
 FF subsidies p.c. (log)  -0.011 -0.000 -0.006 -0.000 -0.020 -0.001 0.003 0.000 
   (0.153) (0.005) (0.203) (0.004) (0.137) (0.005) (0.199) (0.004) 
 FF subsidies p.c. (log)  0.174 0.007 0.008 0.000 0.182 0.007 -0.422∗ -0.008∗ 
   (0.163) (0.009) (0.149) (0.008) (0.157) (0.009) (0.222) (0.008) 
 RE policies  -0.132 -0.005 -0.201 -0.004 -0.117 -0.005 -0.058 -0.001 
   (0.358) (0.011) (0.514) (0.011) (0.352) (0.011) (0.583) (0.010) 
 RE policies 5.572∗∗∗ 0.208∗∗∗ 8.370∗∗∗ 0.169∗∗∗ 5.345∗∗∗ 0.206∗∗∗ 10.089∗∗∗ 0.190∗∗∗ 
   (0.598) (0.055) (1.390) (0.056) (0.659) (0.054) (1.863) (0.055) 
 Environmental performance  -0.150 -0.006 0.014 0.000 -0.119 -0.005 -0.069 -0.001 
    (0.176) (0.005) (0.275) (0.005) (0.162) (0.006) (0.266) (0.005) 
 Environmental performance  0.125∗∗ 0.005∗∗ 0.315∗∗∗ 0.006∗∗∗ 0.117∗∗∗ 0.005∗∗∗ 0.172∗∗ 0.003∗∗ 
   (0.053) (0.004) (0.065) (0.003) (0.043) (0.003) (0.072) (0.003) 
 Democracy  0.128 0.005 0.519∗∗ 0.011∗∗ 0.119 0.005 0.601∗∗ 0.011∗∗ 
   (0.182) (0.008) (0.218) (0.008) (0.190) (0.009) (0.306) (0.008) 
 Re potential  0.028∗∗ 0.001 ∗∗ 0.013 0.000 0.029∗∗∗ 0.001∗∗∗ 0.009 0.000 
   (0.012) (0.001) (0.015) (0.001) (0.011) (0.001) (0.013) (0.001) 
 OPEC  -9.409∗∗∗ -0.351∗∗∗ -15.360∗∗∗ -0.311∗∗∗ -8.379∗∗∗ -0.322∗∗∗   
   (2.290) (0.180) (2.243) (0.149) (2.151) (0.177)   
 GDP p.c.(log)  0.097 0.004 -1.627∗∗∗ -0.033∗∗∗ 0.179 0.007 -0.862 -0.016 
   (0.469) (0.026) (0.583) (0.031) (0.488) (0.028) (0.940) (0.030) 
 Energy consumption (log)    2.648∗∗∗ 0.054∗∗∗   3.003∗∗∗ 0.056∗∗∗ 
     (0.490) (0.028)   (0.670) (0.026) 
 Net energy imports share      0.002 0.000   
       (0.002) (0.000)   
 Constant  -7.072 — 1.408 — -7.330∗∗ —∗∗ -1.391 — 
  (4.335) (—) (4.789) (—) (3.677) (—) (8.866) (—) 
 Log Likelihood -153.10 -138.41 -153.44 -142.45 
 Observations 1392 1392 1392 1392 1392 1392 1392 1392 
 Year Dummies Yes Yes Yes Yes Yes Yes Yes Yes 
          
Standard errors in parentheses. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. FF stands for fossil fuels, RE for renewable energy. Number of countries: 155 
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In Column 3, we find no significant effects for the net imports as a share of total energy 
consumption. Since oil-dependent economies tend to subsidize fossil fuels much more than 
others, we also applied a regression without accounting for OPEC membership. The results 
are shown in Column 4. While our results do not alter substantively, the time-average of fossil 
fuel subsidies now displays a coefficient which is borderline significant. However, since there 
is a high risk of omitted variable bias in model (4), this finding is not robust. Like in (2), the 
results of model (4) further suggest that countries with more democratic political systems tend 
to be somewhat more likely to have renewables in their powermix; however, the effect is not 
robust across model specifications in this part of our estimation. 
Robustness checks where the year dummies were replaced by international fuel prices or 
by fuel prices and a year trend (not shown), did not affect our other results substantively. The 
same is true if we limit the sample to low-income and emerging economies (see Table A 4 in 
Appendix B). Additionally, we restricted the sample to those countries with the highest vari-
ation in subsidies along the time period observed, corresponding to the highest 40th, 50th, 60th 
or 70th percentiles (see Table A 5 in Appendix B). We used simple pooled probit models in 
these subsamples to explore whether there is any significant within-country effect of fossil fuel 
subsidies in the countries in which this is most likely. As a final robustness check, we collapsed 
our sample into two periods, 2003–07 and 2008–12, and took the means of all variables for each 
country in those periods (not shown). The rationale behind this is to model the longer-term 
effects, given the slow rate of change in the dependent variable. In these robustness checks, 
we find again insignificant effects of fossil fuel subsidies and positive effects of renewable en-
ergy support policies on the likelihood that countries invest in renewable electricity. 
The results regarding the amount of renewable electricity generated are displayed in Ta-
ble 2. We separate within- and between-cluster effects for the covariates fossil fuel subsidies, 
renewable energy support policies, net energy imports and the share of electricity from hydro-
power, following the procedure outlined above (see also Appendix A). In this case, fuel subsi-
dies are as expected negatively related to the share of renewable electricity when they are 
compared across countries. 
The coefficient of FF subsidies p.c.(log) in Column 1 suggests that a 1 % increase in the 
time-average of fossil fuel subsidies per capita is associated with a 0.16 % decrease in the share 
of renewables in total electricity production. A simplified linear extrapolation thus suggests 
that countries that subsidize fossil fuel consumption 50 % less than others tend to have renew-
able energy shares that are on average 8 % higher, all other things being equal. Yet again, 
within countries, increases of fuel subsidies do not appear to be associated with a decrease of 
renewables in the power mix in a statistically significant way. 
  
Energy transitions The effect of fossil fuel subsidies on renewable energy deployment15F 
35 
 
Table 2 Regression results for share of electricity from renewable energies 
 (1) (2) (3) (4) 
 FF subsidies p.c.(log) -0.005 -0.004 -0.004 0.002 
  (0.012) (0.011) (0.011) (0.012) 
 FF subsidies p.c.(log)  -0.162∗∗∗ -0.120∗∗ -0.157∗∗∗ -0.129∗∗ 
  (0.054) (0.057) (0.054) (0.055) 
 RE policies 0.087∗ 0.086∗ 0.080∗ 0.113∗∗ 
  (0.045) (0.044) (0.045) (0.046) 
 RE policies  0.219 0.457∗ 0.200 0.494∗∗ 
  (0.231) (0.253) (0.242) (0.248) 
 Environmental performance 0.055∗∗∗ 0.051∗∗∗ 0.056∗∗∗ 0.053∗∗∗ 
  (0.015) (0.016) (0.015) (0.015) 
 Democracy 0.134∗∗ 0.120∗∗ 0.139∗∗∗ 0.135∗∗ 
  (0.052) (0.053) (0.052) (0.057) 
 RE potential 0.001 0.002∗∗ 0.001 0.000 
  (0.001) (0.001) (0.001) (0.001) 
 OPEC -1.745 -1.593 -1.701 -1.974∗ 
  (1.077) (1.098) (1.075) (1.066) 
 GDP p.c.(log) -0.262 0.018 -0.288 -0.165 
  (0.221) (0.252) (0.222) (0.232) 
 Energy consumption (log)  -0.344∗∗   
   (0.135)   
 Net energy imports share   -0.002∗∗∗  
    (0.001)  
 Net energy imports share   0.000  
    (0.001)  
 Hydro electricity share    -0.014∗∗ 
     (0.006) 
 Hydro electricity share     0.013∗ 
     (0.008) 
 Nuclear electricity share    -0.027∗∗∗ 
     (0.006) 
 Constant 8.862∗∗∗ 6.097∗∗∗ 9.051∗∗∗ 7.743∗∗∗ 
  (1.654) (2.031) (1.659) (1.781) 
 Log Likelihood -1725.746 -1722.783 -1725.113 -1614.823 
 Observations 862 862 862 816 
 Number of countries 102 102 102 95 
 Year Dummies Yes Yes Yes Yes 
Standard errors in parentheses. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. Log Likelihood for model comparison. 
FF stands for fossil fuels, RE for renewable energy. 
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One might therefore argue that the effect resulting from differences between countries may 
be partly an artefact of other, unobserved country differences. Due to our estimation strategy, 
we cannot completely reject this possibility. We assume, however, that the different effects are 
much more likely to stem from, first, the dominance of between-cluster variation in subsidy 
levels and, second, from the fact that impacts of varying subsidy levels within a national en-
ergy system cannot easily be attributed in terms of time. In particular, subsidy levels are sub-
ject to short-term fluctuations, depending on oil price levels in many countries, while actual, 
long-term price reforms are rare, and often become reversed. 
This issue is not apparent for direct renewable energy support measures in this part of the 
estimation. The significantly positive coefficient of RE policies in Column 1 implies that intro-
ducing one additional financial support policy for renewables is associated with an increase 
of the renewable electricity share by almost 9 %. The coefficient of the time-averaged policy 
measure also shows a positive association with the outcome variable; however, the effect is 
unstable across estimation specifications, maybe due to multicollinearity. Alternative estima-
tions where we use random-effects estimators for the policy variable show positive and sig-
nificant effects of RE policies (see Table A 2 in Appendix A). We are therefore seeing consistent, 
positive effects of financial support measures for renewable energies. When some electricity is 
already being produced from renewable energy sources, the effect of additional measures on 
individual countries’ development of renewable energies can be demonstrated, while keeping 
any cross-country differences constant. In terms of the probability of producing electricity 
from renewable energy sources at all, however, there is primarily a link to the average level of 
support over the longer term.  
Again, the coefficients for most control variables are as expected. Democratic institutions 
turn out to be a significant driver of renewables deployment in this development stage (scor-
ing one point higher on the democracy scale (0 to 10) is associated with a 10.3 % increase of 
the renewable energy share). Our control for OPEC membership is however insignificant, 
which is not completely surprising because most OPEC members simply do not have any re-
newable electricity in the time period analyzed.  
Just as in the first part of the model, the GDP covariate is not linked in a statistically signif-
icant way to electricity generation from renewables. This is at least partly attributable to the 
collinearity between economic welfare and environmental performance – again a highly sig-
nificant predictor of the renewable energy share – as further estimations using a dummy for 
Kyoto protocol ratification instead of the environmental performance indicator reveal (not 
shown).  
Additionally controlling for primary energy consumption or the dependence on energy 
imports, as displayed in Columns 2 and 3, does not change our main results. The coefficient 
for energy consumption suggests that a 1 % increase in total energy consumption is associated 
with a 0.35 % decrease in the share of electricity from renewables. The negative relationship in 
this stage is not entirely surprising, since a strong increase in energy demand boosts total elec-
tricity production and, while power generation from renewables is growing rapidly, the vol-
umes produced during the period under consideration were still comparatively small. With 
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respect to dependence on imported energy, there is a significant, but substantively minor, cor-
relation with the share of electricity from renewable sources (0.2 % decrease associated with 
an increase in the share of imported energy by 0.01). The greater incentive to invest in renew-
able electricity production due to increasing energy dependence thus appears to be overridden 
by other factors, such as the fast growth in overall energy demand. 
As additional controls, we tested the share of nuclear and hydropower in the electricity 
mix (Column 4). Negative effects can be expected, because once built, nuclear and large 
hydropower plants generate electricity at low marginal costs, thus acting as low-cost 
competitors to renewables, even though the initial investment costs were high. 29F30 We find that 
higher shares of nuclear electricity are significantly negatively related to the share of 
renewables. For electricity from large hydropower plants, our separate estimations of within- 
and between-cluster effects suggest that increasing the share of electricity from hydropower 
is related to a smaller contribution of modern renewables in the same country, while the effects 
of time-averages are positive. This would suggest that, while overall, countries investing more 
in large hydropower as a ‘traditional’ source of renewable energy are also more successful in 
increasing their power generation from newer technologies like photovoltaic and wind power, 
within individual countries different fossil-free power generation technologies compete with 
each other to some extent. The effects are small though. 
We ran similar robustness tests as for the binary part. Limiting the sample to low-income and 
emerging economies leads to very similar findings. The effects of financial support instru-
ments for renewables are even stronger among low-income and emerging countries (Table A 
6, Appendix B). These groups of countries had low shares of renewable energies compared to 
high-income countries in the period under review, whereby support measures in this initial 
stage probably have an even greater effect. 
Restricting the sample to those countries that have more variation in fossil fuel subsidy 
levels leaves us, obviously, with much smaller samples and a subsidy variable with much 
stronger within-cluster variation (and less between-cluster variation) as compared to the full 
sample. The results provide us with some interesting new insights (see Table A 7, Appendix 
B). We discovered the expected negative coefficient for fossil fuel subsidies when looking at 
the within-country effects. It seems that when looking at the relevant countries, we do find 
that within a country, higher subsidies are related to less renewable energy deployment (or 
vice versa). However, for these subsamples, the more general cross-country tendency that we 
observed in the general models in Table 2 is reversed: when comparing across the countries 
with highest variability in fossil fuel subsidization, higher fossil fuel subsidies are related to a 
higher share of renewables. These results become stronger the higher the chosen threshold for 
the fossil fuel subsidies differential. It is difficult to determine the mechanisms driving this 
negative relationship. Yet, it is important to note that the subsamples with very high subsidy 
variation (ffs_60 and ffs_70) are not only very small, they also differ fundamentally from the 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
30 In addition, nuclear and hydro power reduce countries’ energy dependency, which is one of the reasons for investing in renewables. 
Data on the share of nuclear and hydro power from all net power generation stems from the World Bank World Development Indica-
tors. 
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other observations. While income levels are essentially the same, the share of renewable ener-
gies in the relevant subsamples is only about one-half of the average share among the other 
observations, and the subsidy payments are about fifty (!) times higher. There are also many 
top oil producers in the restricted samples. Moreover, in the ffs_60 and ffs_70 subsamples, 
high subsidies are strongly correlated with higher incomes (which is not the case for the ex-
cluded observations), and income levels are in turn more strongly related to the share of re-
newables in the power mix than among the excluded observations. Hence, considering these 
multicollinearity issues and the small sample sizes, these results must be interpreted with cau-
tion. Nevertheless, when running simple panel fixed-effect regressions with the same subsam-
ples to account for the increased within-cluster variation, we find consistently negative and 
significant links between fossil fuel subsidies and electricity production from renewables (see 
Table A 8, Appendix B).  
Finally, collapsing our dataset into averages for the periods 2003–07 and 2008–12 we also 
obtain results that generally support our expectations (not shown).  
3.6 Conclusions 
Using a comprehensive cross-country dataset spanning 10 years, this chapter aimed to empir-
ically test the assertion that fossil fuel subsidies present a barrier to renewable energy deploy-
ment and to quantify these effects while taking into account financial support policies for re-
newables. 
Our findings provide empirical evidence that, across countries, higher subsidies for fossil 
fuels are linked to a lower share of electricity from renewable energies (without large hydro-
power). For cases with some electricity already being produced from renewables, our esti-
mates suggest that, across countries, subsidizing fossil fuels per capita by 1 % more is associ-
ated with a 0.16 % lower share of renewables in the power mix on average. A simplified linear 
extrapolation thus suggests that countries with 50 % lower per capita subsidies than others 
have on average an 8 % higher share of renewables in their electricity mix than the latter, hold-
ing all other factors equal. 
That said, the results from our main models do not provide evidence for a direct adverse 
effect of fuel subsidy increases within individual countries. This is presumably because subsi-
dies vary greatly between countries, while fluctuations within countries are limited and often 
lack a clear pattern. Whether between-cluster effects, like the ones identified in our analysis, 
can be meaningfully interpreted in panel data analyses is a matter of debate among scientists. 
Yet, they provide the first cross-country evidence of the adverse consequences of fossil fuel 
subsidization on renewable electricity provision. Moreover, our additional analysis focusing 
on countries whose subsidies have fluctuated considerably over the period under considera-
tion show that in this context, significant effects from subsidy reform within individual coun-
tries are possible. 
Regarding subsidies and other financial support measures for renewables, we find con-
sistent, positive effects on renewable energy deployment. By simply considering the number 
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of financial support instruments in force, we can conclude that introducing an additional 
measure in a given country is on average associated with an almost 9 % higher share of elec-
tricity from renewable energy sources, given that some electricity is already produced from 
renewables.  
Stringent environmental policy and democratic institutions are further key factors for 
which we show significant and substantially relevant positive links to the further deployment 
of renewable energies from a global perspective.  
The role of support provided to fossil fuels and to renewables, but also of further relevant 
factors, appears to be somewhat different when it comes to the initial stage of renewable en-
ergy deployment, which we analyzed separately in this chapter. We found that the likelihood 
that a country produces any electricity from renewables does not seem to be related to fossil 
fuel subsidies. The fact that the adverse effect of subsidies on fossil fuels is significant only in 
terms of relative production volumes is not necessarily surprising. For it can be assumed that 
the cost ratio of renewable and fossil energies is more likely to be reflected in the relative gen-
eration volume of renewable energies than in the mere probability that any photovoltaic or 
wind power plant is in operation at all.  
Rather, other country-level factors are found to be relevant at this initial stage, namely the 
reliance of a country’s economy on oil production, its potential for renewables compared to 
other countries, its financial support policies for the deployment of renewables, and its general 
environmental performance. Indeed, financial support to grid-based renewable electricity pro-
duction through measures like feed-in tariffs, tax exemptions or renewable energy tenders 
seems to be critical as it reduces financing costs. Our results suggest that countries that had, 
on average, one more financial support measure in place during the observed period were, on 
average, much more likely to generate some part of their electricity from renewable energy 
sources (probability increased by 0.2). Additional estimations with lagged policy variables fur-
ther indicate significant effects within countries. Similar to subsidies for fossil fuels, country-
level differences in support policies for renewables dominate differences in individual coun-
tries. 
While our study provides the first cross-country evidence of the adverse consequences of 
fossil fuel subsidization on renewable electricity provision, our results do not allow us to iden-
tify a causal effect within countries. Further research is therefore needed to strengthen the 
empirical evidence on how the magnitude of fuel subsidies is related to the share of renewa-
bles in the energy mix and to provide insights into causal mechanisms on the country level, 
taking into account the specific technological and policy environment. Matsuo and Schmidt 
(2017), for instance, take an interesting approach by examining the carbon mitigation potential 
and costs when combining subsidy reform with renewable energy deployment policy in a set 
of illustrative country cases. Case studies could further add evidence by tracing the role of 
subsidy policies in decision-making processes on energy-related issues in individual coun-
tries. Another way to improve evidence on the impacts of fuel subsidies could consist of in-
depth analyses of one selected product such as natural gas or diesel with a focus on regions 
where these subsidies are most prevalent. 
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A further limitation of our research is that it uses data on estimated volumes of fuel subsi-
dies that is incomplete and subject to great uncertainty. The unsatisfactory data quality is in 
part attributable to the lack of an internationally recognized definition of fossil fuel subsidies. 
There are, however, efforts at the international level to address this concern, notably in the 
context of peer review and self-review processes of G20 countries. 
In future, data on electricity production from renewable energies will also have a structure 
that is better suited for aggregated analyses, as due to the rapid development we can currently 
observe in the sector, there will be a much higher share of cases that generate some electricity 
from renewables. 
Hence, in order to attain improved evidence on the adverse impacts of fuel subsidies on 
the aggregate level, it would certainly be instructive to carry out an analysis similar to the 
study presented here in the future, with a longer panel and improved data.  
Despite the limitations outlined here, we can conclude as a policy-relevant insight from 
our research that efforts to reform fossil fuel subsidies and redirect public expenditures to in-
vestments in non-conventional renewable technologies can be expected to benefit the further 
dissemination of renewable energy. 
Overall, the evidence presented in this first part of the thesis underpins the need to reduce 
or eliminate subsidies on fossil fuels as a means to mitigate climate change. Taking action to 
combat climate change is part of the 2030 Agenda for Sustainable Development (SDG 13). 
Closely linked to SDG 13, SDG 12 aims to ensure more sustainable consumption and produc-
tion. One of the targets it includes to achieve more sustainability is the reform of inefficient 
fossil fuel subsidies (SDG target 12.c). As described above, the removal of subsidies on fossil 
fuels contributes to multiple further objectives of sustainable development, including the pro-
tection of life on land (SDG 15), economic growth (SDG 8) and public health (SDG 3), through 
lower air pollution. Redirecting resources spent on fossil fuels towards education or social 
protection provides further benefits to vulnerable groups.  
It is widely recognized that when reforming fossil fuel subsidies, the social impact of these 
reforms should be minimized, with particular emphasis on protecting the most vulnerable 
groups. One of the main issues to be considered in this context is access to modern energy 
services, which are essential for meeting basic human needs and for economic development. 
Subsidies on fossil fuels are generally considered a very inefficient instrument for improving 
access to modern energy for the poor, leading above all to excessive consumption of fossil 
energy by those who can afford it even without subsidies (see Chapter 2). At the same time, it 
is important to distinguish different energy sources as well as between specific target groups, 
for some of which subsidies may be justified in certain situations.  
A relevant example in this context is liquefied petroleum gas (LPG) for cooking, as my 
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Preface to Part II 
Modern energy services are crucial for reliable and efficient lighting, heating and cooking in 
households, for healthcare and transport, to power industrial processes, and for the provision 
of clean water and sanitation. Human well-being and economic development hence funda-
mentally rely on access to modern energy services. What exactly access to modern energy services 
comprises is not laid down in an internationally recognized definition. There is, however, 
broad agreement on some key components including, first, access for households to a mini-
mum amount of electricity and to safer and more sustainable fuels and stoves for cooking and 
heating, and second, access to modern energy for public services and productive economic 
activity (IEA, 2019a). Yet it is worth noting, that progress towards achieving SDG 7.1, universal 
access to affordable, reliable and modern energy services by 2030, is only evaluated at the 
household level, based on the share of the population that has access to electrificity and relies 
primarily on clean30F31 technologies and fuels for cooking (IEA, 2019a; IEA et al., 2019). In this 
doctoral thesis, too, the work on energy access is focussing on basic energy services in the 
household sector. 
Especially since the adoption of the SDGs in 2015, energy access deficits (also called energy 
poverty) have received more attention at the international level and efforts to tackle the issue 
have increased. The technologies employed for addressing energy poverty in the residential 
sector include, among others, extensions of the electricity grid, mini- or micro-grids, off-grid 
systems as well as energy-efficient and cleaner cookstoves and fuels. These technologies are 
being promoted through a range of business and financing models (see e.g., Sovacool, 2014).  
Marked progress has been made since 2010 in expanding electricity access, as the world 
population without access to electricity has been reduced from 1.2 billion in 2010 to around 
840 million in 2017 (IEA et al., 2019). Falling cost of decentralized renewables and the availa-
bility of low-cost, energy-efficient appliances, together with new business models using mo-
bile-enabled platforms made a number of solutions available to serve people with no access to 
electricity. Meanwhile, about 2.9 billion people still lack access to clean cooking technologies 
or fuels. This number has hardly decreased since 2010 despite some progress in terms of in-
creased access to clean fuels and electricity (for cooking), because strong population growth 
simultaneously increased the absolute number of persons relying on biomass (IEA et al., 2019).  
The international community is hence very far from the goal of universal access to energy. 
Great challenges remain, in particular in the area of residential energy for cooking, where mul-
tiple obstacles, such as affordability, lack of awareness or limited market development oppor-
tunities hinder progress in achieving access to clean cooking solutions at scale.  
A growing scientific literature contributes to a better understanding of energy poverty and 
its consequences and evaluates options to address it. Yet we still have a limited understanding 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
31 Reiterating from the introduction (Chapter 1), and in line with the major organizations assessing progress towards SDG 7, in this the-
sis I consider clean cooking facilities to be modern fuels and technologies that minimize emissions that are harmful to health and the 
environment. These include natural gas, LPG, electricity and biogas or improved biomass stoves with much higher efficiency and sig-
nificantly lower emissions than traditional stoves or open fires. See IEA et al. (2019). 
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of which technologies, business- and financing models work most effectively and of how dif-
ferent socio-economic and external factors influence household consumption choices. The sec-
ond part of this dissertation thus seeks to contribute to our knowledge on interventions to 
improve basic energy access. Hereby it takes a specific focus on clean household energy for 
cooking.  
It starts by introducing the reader to clean cooking as a policy issue in development coop-
eration, based on literature from multiple research disciplines, including public health, cli-
mate- and environmental science and development economics as well as from policy docu-
ments in two context-chapters, as follows. Chapter 4 introduces to the environmental and pub-
lic health problems associated with traditional biomass use and reviews the most promoted 
cleaner and more efficient alternatives in terms of their effectiveness according to current sci-
entific evidence. Advantages of alternative cooking stoves and fuels only materialize if the 
concerned households use these alternatives on a regular basis. The chapter thus further sum-
marizes the existing knowledge on what drives or impedes the widespread adoption and use 
of clean and efficient cooking facilities. While this review focuses on understanding how 
households are making the transition to clean cooking energy, the subsequent Chapter 5 pro-
vides a complementary account by examining the efforts made by governments and the inter-
national (development) community to accelerate this process. Based on these insights, I iden-
tify several aspects of residential energy transitions for which we still have an insufficient un-
derstanding in social science research, at both levels -- housholds’ demand behaviour and do-
nor strategies. In Chapters 6 and 7, I present the scientific work that I carried out on these 
questions – partly in collaboration with other researchers. 
 





4 SOLID FUEL USE AND HOUSEHOLD ENERGY 
TRANSITIONS  
By 2017, close to 3 billion people globally relied on solid fuels, namely traditional biofuels such 
as wood, animal dung or crop residues, but also coal (IEA, 2019b). In many low-income coun-
tries, traditional biomass is the most important source of household energy, and in the poorest 
countries, it even dominates the overall energy supply. 
The fuels are typically burned in open fires and small simple cooking devices that are in-
efficient and often unvented. The incomplete combustion causes high levels of fine particulate 
matter and other pollutants, which are responsible for one of the largest global public health 
burden. The World Health Organization (WHO) estimates that household air pollution (HAP) 
associated with solid biofuel combustion leads to almost 4 million premature deaths every 
year (WHO, 2019). There is strong evidence that HAP leads to several major health hazards 
such as acute respiratory tract infections among children under 5 years, chronic lung diseases, 
lung cancer, cataract and cardiovascular diseases that increase the risk of cardiac events and 
strokes (Bruce et al., 2015; GBD 2016 Risk Factors Collaborators, 2017; WHO, 2014).  
Women and infants are particularly affected by HAP, and HAP is among the most im-
portant health risks for these groups in many poor countries (see e.g., Smith & Sagar, 2014). 
Besides this direct health impact, the collection and processing of wood fuel draws heavily on 
the time of (mainly) women and children.  
Moreover, the use of woody biomass as cooking fuel is also a significant driver of forest 
clearance and degradation when wood extraction is faster than regeneration (Hosonuma et al., 
2012). CO2 emissions and impacts on the local environment are the consequences of such land-
cover changes. The incomplete combustion process further contributes to climate change as it 
releases climate-forcing gases and particles such as methane and black carbon. The severity of 
these effects depends amongst others on the efficiency of the cooking appliance used, as will 
be further discussed in 4.1.1. 
Universal access to affordable and clean residential energy hence offers great potential for 
human development, economic growth, environment protection and climate change mitiga-
tion. In this context, multiple initiatives by governments and the global development commu-
nity have promoted the transition away from traditional biomass cookstoves to more efficient 
and cleaner alternatives. These efforts, which are further discussed in Chapter 5, have focused 
on three main approaches. First, introducing improved biomass cookstoves (IBCs), i.e., more 
Energy transitions Solid fuel use and household energy transitions 
45 
 
efficient and cleaner biomass stoves.31F32 Second, producing and distributing more processed 
fuels like pellets, briquettes, ethanol or biogas and stoves that can burn these fuels efficiently 
or use other energy sources (e.g., solar cookers). Third, providing better access to liquefied 
petroleum gas (LPG) or electricity. Not all these alternatives are equally effective in achieving 
the desired benefits for climate change mitigation and human health as compared to tradi-
tional fuel use.  
Moreover, even though fully displacing traditional cooking systems seems conceptually 
simple, it has turned out to be very difficult. Consequently, the number of people using tradi-
tional biomass for cooking has hardly decreased despite some encouraging developments in 
recent years (IEA et al., 2018, 2019). Users of traditional bioenergy sometimes reject alternative 
stoves or use them in addition to traditional stoves. Such kind of ‘stacking’ of traditional and 
modern fuels and appliances is a very widespread phenomenon (Cheng & Urpelainen, 2014; 
Ruiz-Mercado & Masera, 2015) which makes efforts to shift users away from traditional bio-
mass stoves more difficult. 
It is thus of central interest for research and development practice to identify the technolo-
gies and strategies that are most promising to foster household transitions to clean cooking 
technologies at scale. The remainder of this chapter summarizes the current scientific 
knowledge on both, the effectiveness of alternative technologies to traditional cookstoves and 
key drivers and barriers for residential energy transitions, as outlined above.  
4.1 Evidence on health and climate benefits of LPG and IBC interventions   
Scientists have been examining the negative consequences of traditional biomass cooking as 
well as the effectiveness of different alternatives technologies to address these consequences 
for several decades. Their focus has shifted over the years, whereby more comprehensive and 
nuanced evidence became available after the turn of the century. This section reviews the find-
ings on LPG and improved biomass cookstoves, which have been the two globally dominant 
options in government programs and development cooperation, even though further clean 
fuels and appliances, e.g., those powered by electricity or biogas, are becoming increasingly 
relevant. The review focuses on benefits for climate change mitigation and human health as 
compared to the combustion of solid fuels in traditional stoves (for reviews see Bruce, Aunan 
& Rehfuess, 2017; Pope et al., 2017; Quansah et al., 2017; Thomas et al., 2015). 
4.1.1  Climate impact  
The climate impact of using a fuel for cooking depends primarily on the emissions at the point 
of fuel or stove use (Cashman et al., 2016). For the overall climate footprint of a product, one 
must consider the total emissions of each fuel per unit of usable energy provided though, i.e., 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
32 Reiterating from the introduction, I follow common practice by using the term improved cookstove for any kind of biomass stove that 
burns fuel more efficiently than a baseline stove or removes smoke from the indoor living space through a chimney.  
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over the whole fuel cycle from fuel sourcing to end use. This subsection discusses both per-
spectives starting with fuel combustion.  
The climate impact of solid fuel combustion for cooking depends on the net greenhouse 
gases (GHG) emitted, in particular CO2, but also methane and other gases and particles affect-
ing the climate (so-called short-lived climate pollutants, SLCP). The type of fuel used and the 
amount of fuel needed determines how much GHG and SLCP are emitted to produce one 
meal. The amount of fuel depends on the cookstove’s efficiency that is in turn determined by 
its thermal efficiency (i.e., combustion performance multiplied by heat transfer efficiency) and 
the carbon content of the fuel. 
Burning fossil fuels such as kerosene or gas for cooking emits CO2 emissions, while using 
renewable fuels, including renewably harvested woody biomass, is essentially CO2 neutral. In 
practice, however, woody biomass is not always re-grown (IEA, 2016a). Bailis et al. (2015) es-
timate that about 27 to 34 % of woodfuel harvested globally is unsustainable, with large geo-
graphic variations. In parts of West, Southern and East Africa as well as some Asian countries 
such as Pakistan, Nepal and Indonesia, the non-renewably harvested fraction exceeds 50 % 
(Bailis et al., 2015; Masera et al., 2015). 
When biomass is fully combusted, only water vapour and CO2 are released. However, tra-
ditional cooking methods such as a clay ‘U’ or three-stone-fires are highly inefficient in com-
busting fuel carbon and transferring heat, which leads to excess fuel use and the release of 
numerous products of incomplete combustion (Schauer et al., 2001). These include pollutants 
like carbon monoxide (CO, a local pollutant), methane or black carbon (particulate matter) 
amongst others. Some affect both climate and health and others, such as methane, only the 
climate (e.g., Bond et al., 2013; Chafe et al., 2014; Conibear et al., 2018 ). Simple solid fuel stoves 
thus contribute importantly to global warming even when the fuel is renewable (Masera et al., 
2015; Smith et al., 2000). 
It is worth noting that the climate effect of black carbon is still the subject of scientific de-
bate. According to the latest studies, black carbon is assumed to have a moderate climate-
warming effect, depending on where and when it is emitted (Aamaas et al., 2018). The climate 
impact has found to be strong in the Artic (Sand et al., 2013; Sand et al., 2016) and the Himala-
yas (Ma et al., 2019). Importantly, residential cooking and heating based on traditional biomass 
use is the largest contributor to black carbon emissions (Aamaas et al., 2018). 
Unlike traditional clay stoves, LPG stoves are characterized by an efficient (45 to 60 %) 
combustion process, with sustained performance under various conditions in everyday use 
and over time (Bruce, Aunan & Rehfuess, 2017; Shen et al., 2018). Combusting LPG thus emits 
only negligible amounts of black carbon and other (short-lived) pollutants that contribute to 
global warming (Grieshop, Marshall & Kandlikar, 2011). IBCs mostly have a higher thermal 
efficiency than traditional stoves and hence often result in reduced fuel wood use, as shown 
in several evaluations of cookstove interventions (Agurto Adrianzén, 2013; Bensch & Peters, 
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2013, 2015; Garland et al., 2015). 32F33 Concerning LPG, Brooks et al. (2016) and Garland et al. 
(2015) show that households relying on solid biomass for cooking reduce their fuel wood con-
sumption substantially and realize important timesavings when being provided an LPG stove. 
The efficiency of average IBCs is still substantially lower than for technologies based on 
liquid or gaseous fuels (Muralidharan et al., 2015; O'Sullivan & Barnes, 2006: 47). Several fan-
assisted advanced biomass cookstoves have reached efficiencies (30 to 55 %) that come close 
to those of LPG when tested in the laboratory (e.g., Jetter et al., 2012; Kshirsagar & Kalamkar, 
2014). While these controlled tests are useful to further develop and compare technology, they 
often poorly predict the real-world performance of the stoves. In particular, when in everyday 
use in homes, IBCs have been found to reduce fuel use and pollutants clearly less effectively 
than under laboratory conditions due to different reasons such as fuel quality or inadequate 
maintenance (Berkely Air Monitoring Group, 2012; Ezzati & Baumgartner, 2017; Muralidharan 
et al., 2015; Wathore, Mortimer & Grieshop, 2017).  
As a result, the total warming effect of different fuel and stove types varies widely. 
Grieshop, Marshall & Kandlikar (2011) compare the global warming commitment of different 
fuel/stove combinations by combining emissions from individual stoves from five studies. 
Calculations are made based on estimated annual fuel usage per stove and under the assump-
tion that for biomass (wood and charcoal), half of the total CO2 emitted stems from the com-
bustion of renewably harvested biomass and thus these 50 % do not contribute to climate 
change. Based on these assumptions and over a 100-year horizon, the authors find that the 
global warming impact of LPG is similar or even lower than the impact of the most advanced 
biomass stoves operating in optimal conditions. Their findings suggest a lower warming im-
pact of LPG than biomass if a larger fraction of non-renewable biomass is assumed and a 
higher impact than biomass if a higher percentage of renewability is reached. In the light of 
the estimates mentioned above (Bailis et al., 2015) 50 % can be seen as conservative assessment 
for many countries, meaning that in these regions, LPG stoves would typically perform better 
than most biomass stoves.  
While these calculations are based on hypothetical stove-switching, Singh, Pachauri & 
Zerriffi (2017) aimed to account for fuel-stacking and actual conditions. They estimate the net 
emission impact of the observed transition from biomass cooking to LPG in India between 
2001 and 2011. They find that due to substantially higher efficiency of LPG, the switch to LPG 
causes essentially no net emissions. This would be true even if biomass was fully sustainably 
harvested and only Kyoto gases33F34 were considered. When accounting for further climate-ac-
tive emissions (that are not included in the Kyoto protocol), a switch to LPG results in a net 
reduction in emissions at the national level. The net reduction becomes even larger when as-
suming a more realistic share of 30 % for non-renewably harvested biomass. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
33 Others found no effect of improved biomass stoves on biomass consumption, e.g., Hanna, Duflo & Greenstone (2016) or Nepal, Nepal 
& Grimsrud (2011).  
34 The Kyoto Protocol refers to the following six greenhouse gases, which are listed in Annex A: Carbon dioxide (CO2), Methane (CH4), 
Nitrous oxide (N2O), Hydrofluorocarbons (HFCs), Perfluorocarbons (PFCs), and Sulphur hexafluoride (SF6). More information can be 
found here: https://unfccc.int/resource/docs/cop3/07a01.pdf#page=28 
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So-called Life Cycle Assessments (LCA) of products allow to compare the environmental 
footprint of fuels over the full process, including the extraction from raw materials, the pro-
cessing, distribution and the fuel use in the household and disposal. LCA for China and India 
by the United States Environmental Protection Agency (USEPA) show that the most important 
contributors to the total climate impact are a stoves’ efficiency and the emissions resulting 
from their use. For LPG for instance, the emissions resulting from its production and transport 
account for less than 10 % of total emissions (Cashman et al., 2016). Regarding CO2 equivalent 
emissions, the study estimates that the effect of LPG lies between fully and partially renewable 
biomass (in traditional stoves) in both China and India. For black carbon equivalent emissions, 
the effect of LPG (and of other clean fuels such as natural gas, biogas and ethanol) lies far 
below the one of biomass. Regarding improved stoves, USEPA finds comparably low climate 
effects for both CO2 and black carbon. However, since these estimates are based on laboratory 
testing only, they should be treated with caution. 
4.1.2  Health impact 
Reiterating from the introduction to this chapter, there is strong evidence that HAP from solid 
biomass use leads to a number of major health hazards including respiratory diseases among 
children and adults, lung cancer, and cardiovascular diseases. The most significant adverse 
health effects of HAP exposure result from the emission of average fine particulate matter 
smaller than 2.5 μm (PM2,5), while CO and other pollutants are also health-damaging (Bruce 
et al., 2015). The toxic smoke is often emitted directly into the indoor environment, resulting 
in emission levels of fine particulate matter that are estimated to be at least 10 to 50 times above 
the threshold for safe levels provided by the WHO (Puzzolo et al., 2016: 218). Emissions from 
solid fuel use also contribute to ambient air pollution (Chafe et al., 2014) and the health impacts 
associated with it. 
Epidemiological research on HAP on the one hand aims to characterize appropriately how 
exposure to pollutants relates to specific health hazards (exposure-response relationship). To 
that aim, observational research measures personal exposure and uses it to determine the nec-
essary pollution reductions to achieve health benefits (Ezzati & Kammen, 2001, 2002). Recent 
studies have found that the relationship between particulate exposure and health risks for 
most health outcomes associated with HAP exposure is non-linear. That is, exposure levels 
must be decreased to values close to the actual WHO guidelines for indoor air quality 
(10 μg/m3) in order to prevent most of the adverse health effects (Burnett et al. 2014; WHO 
2014). 
Another avenue of research uses randomized control trials (RCTs) to measure the effects 
of interventions that aim to reduce HAP (i.e., the provision of cleaner cooking technolo-
gies/fuels) in real-world settings (e.g., Smith et al., 2011). As with greenhouse gas emissions, 
laboratory tests of improved cooking stoves suggest that their use reduces HAP and hence can 
improve health to some degree (e.g., Jetter et al., 2012). For LPG, Shen et al. (2018) ran 89 la-
boratory tests to measure efficiencies and pollutant emissions from different LPG stoves and 
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burning conditions. The tested stoves meet guidelines for the highest performance levels ac-
cording to international standards (see 6.2) in terms of thermal efficiency, CO and PM2.5 emis-
sions. Moreover, they mostly meet the WHO Emission Rate Targets for human health protec-
tion. In order to reduce indoor air pollution to a safe level for human health, households would 
have to use LPG or other clean fuels almost exclusively. However, especially in rural contexts, 
many households using LPG engage in stove-stacking to manage their cooking needs (see e.g., 
Brooks et al., 2016 for India). Similarly, many studies on improved biomass stove interventions 
face substantial problems due to low adoption and usage rates (Bensch, Grimm & Peters, 2015; 
Hanna, Duflo & Greenstone, 2016; Mortimer et al., 2017). Researchers thus emphasize that 
technologies must be tested in real-world settings, since user behaviour and fuel quality may 
undermine potential impacts (Hanna, Duflo & Greenstone, 2016: 85). 
Concerning the everyday in-home performance of different solid and clean fuel interventions, 
the existing evidence is mostly based on observational designs. However, neither these expo-
sure-response studies nor RCTs have so far provided as conclusive information as hoped for 
(see also Bruce et al., 2015 for an overview). Difficulties in measuring personal exposure to 
pollutants have limited exposure-response studies. In experiments, no interventions have been 
implemented that significantly reduce exposure while functionally replacing traditional bio-
mass and coal stoves and being scalable in a community context (Ezzati & Baumgartner, 2017).  
Regarding IBCs, several observational studies examined the health outcomes of the Chi-
nese large-scale cookstove programme over a long period using data from a Chinese retro-
spective cohort study. They found that subjects with long-term use of improved chimney 
stoves showed substantial reductions in chronic obstructive pulmonary disease (Chapman et 
al., 2005), lung cancer (Lan et al., 2002) and reduced risk of mortality from acute lower respir-
atory infections (Shen et al., 2009). Regarding RCTs, Smith et al. (2011) tested the effect of sta-
tionary improved cookstoves with chimneys in a controlled setting in Guatemala and found 
no significant reduction in physician-diagnosed pneumonia for children younger than 18 
months but a significant decrease in severe pneumonia and a reduced risk of low-birthweight. 
Based on the same RCT, Smith-Sivertsen et al. (2004) found no impact on women’s lung func-
tion up to 18 months. In the Indian RCT on improved cookstoves by Hanna, Duflo & Green-
stone (2016), while smoke inhalation was slightly reduced in the first year, this effect disap-
peared from the second year on. An experiment by Bensch & Peters (2015) suggests a decrease 
in self-reported smoke exposure and smoke-related disease symptoms after one year. The re-
duced smoke exposure mainly resulted from increased outside cooking and a decrease in 
cooking time. In a community-level, open cluster RCT in Malawi, Mortimer et al. (2017) found 
no evidence that providing cleaner burning biomass cookstoves reduced the risk of pneumo-
nia in young children.34F35 
Regarding LPG, the evidence from randomized trials is extremely limited so far. The first 
one to test the effectiveness of LPG to my knowledge is the Ghana Randomized Air Pollution 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
35 Mortimer and colleagues assume that low usage-rates were partly responsible for these results. In the study, stoves were replaced and 
repaired where needed, in most cases several times per household. In the follow-up 2 years after stove introduction, those stoves objec-
tively monitored were only used for 0.34 cooking events every day. 
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and Health Study, described by Jack et al. (2015). This cluster-randomized trial was launched 
in 2015 and provided LPG and efficient biomass cookstoves to pregnant women in interven-
tion clusters to evaluate the efficacy of both technologies to improve health outcomes. First 
results after few years suggest that LPG use significantly decreases the risk for bacterial pneu-
monia (Lee et al., 2017). At the same time, Wylie (2017) found no evidence that providing LPG 
to pregnant women prior to 28 weeks improves birth weight. They concluded that in order to 
improve pregnancy health, whole clusters or communities should use clean energy. The 
Household Air Pollution Intervention Network trial, running 2018-2021 is doing exactly this 
in a multi-country RCT of an LPG stove and fuel intervention in Rwanda, Guatemala, India, 
and Peru (U.S. National Library of Medicine, 2016). There are no results available yet.  
Findings from reviews can complement the evidence summarized so far. Quansah et al. 
(2017) provide a systematic review and meta-analysis on the effectiveness of any type of 
household intervention which was explicitly attempted to improve indoor air quality and/or 
health (RCTs and non-randomized control trials were included). Their results suggest that 
most HAP interventions achieved a decrease in PM2.5 and CO concentrations at the personal 
and micro-environmental level. However, post-intervention measures were commonly still far 
above WHO guidelines for PM2.5 and CO and there is hardly any evidence of improved health 
outcomes. Again, one of the reasons for this finding is that the relationship between particulate 
exposure and response has been found to be non-linear in medical research, which implies 
that smoke exposure needs to be reduced massively to ensure positive health effects (Burnett 
et al., 2014; WHO, 2014). 
To conclude this part, the evidence reviewed above implies that the emissions from cur-
rently available biomass-burning stoves are more detrimental for health than from stoves 
fueled with LPG, electricity, ethanol or biogas. Moreover, field-based measurements of real-
world usage show higher rates of PM2.5 and other emissions than in laboratory tests. At the 
same time, the contribution of improved cookstoves to climate change mitigation and other 
SDGs (like reducing poverty or achieving gender equality) may be limited and in settings with 
high fractions of non-renewably harvested firewood, LPG is likely to outperform IBCs in terms 
of climate change mitigation. A modelling analysis by Rosenthal et al. (2018) for 40 low- and 
middle income countries using an integrated approach that considers both, health- and climate 
impacts to compare the benefits from cleaner fuels and improved cookstoves supports these 
conclusions. There are also difficulties to achieve the necessary health benefits with LPG that 
are mainly due to non-regular use. Yet, in this case, the intended health benefits can be 
achieved if LPG is used for cooking exclusively.  
Long-term health studies remain limited and further research is needed on both LPG and 
biomass stoves. Yet these results have sparked an international debate on where donors 
should direct their resources in the sector that is at the center of the research work presented 
in Chapter 6.  
In any event, materializing the benefits of cleaner and more efficient cooking appliances 
and fuels requires that households actually use these products frequently. A growing number 
of studies examines energy transition processes in the residential sector and aims to identify 
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the factors that favor or impede the widespread adoption and use of cleaner and more efficient 
stoves and fuels. The following section presents some key insights from theses literatures with 
a focus on low-income and emerging countries, primarily drawing from studies in the field of 
economics. 
4.2 Household fuel choices and barriers to clean cooking transitions 
Early studies on domestic energy use commonly referred to the energy-ladder model, describ-
ing the transition from inefficient and polluting fuels like firewood or coal to the use of elec-
tricity and cleaner or ‘modern’ fuels such as LPG as linear movement, strongly driven by the 
household’s economic status, namely income (Leach, 1992). Many empirical studies confirm 
that income is an important driver for the uptake and use of modern fuels (Farsi, Filippini & 
Pachauri, 2007; Gupta & Köhlin, 2006; Hosier & Dowd, 1987). However, the evidence indicates 
that the linkages between income and fuel choice are mostly weaker than suggested by the 
energy ladder and hence, fuel transition cannot be understood as a simple series of discrete 
steps (Hanna & Oliva, 2015; Heltberg, 2004; Masera, Saatkamp & Kammen, 2000). Instead, fuel 
wood can remain an important source of energy at all levels of income in developing countries. 
Just like in all countries, people prefer to combine different appliances and techniques when 
preparing meals, depending on the task. Furthermore, even if a household’s average earnings 
are sufficient to buy modern fuels, the household may not be able to use these fuels exclusively 
if incomes are irregular or if the fuel supply is insufficient (Farsi, Filippini & Pachauri, 2007; 
Heltberg, 2004).  
More recent studies place greater emphasis on such complexities and therefore use broader 
conceptual frameworks for analysis which account for the countries’ external environments, 
the institutional setting, the market situation of a specific location, and the household oppor-
tunity set (e.g., Manning & Taylor, 2014. See Muller & Yan, 2018 for an overview on theoretical 
frameworks and empirical evidence).  
Apart from the household’s wealth, the empirical literature identified several other deter-
minants of household fuel choices. They include further socio-demographic characteristics like 
the age of the household head, the household size and composition (share of women, gender 
of household head) with mixed findings concerning the effects on fuel use (van der Kroon, 
Brouwer & van Beukering, 2013). Higher educational attainment is generally associated with 
a higher probability to use modern cooking energy, since education increases both income and 
the opportunity costs of fuel collection time and enables better knowledge about the benefits 
of cleaner cooking fuels (Farsi et al., 2007; Gupta and Köhlin, 2006).  
Recently, scholars have increasingly integrated the social and cultural environment of the 
household into their analysis. Akpalu, Dasmani & Aglobitse (2011), for instance, find evidence 
that traditions, taste preferences and cultural beliefs play a significant role for household cook-
ing fuel decisions. Regarding the market environment, many studies confirm the expected 
negative own-price effects on both the probability to use a fuel and the quantity demanded 
(e.g., Cheng & Urpelainen, 2014; Farsi, Filippini & Pachauri, 2007). Farsi, Filippini & Pachauri 
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(2007) estimated for instance that, among urban Indian households, decreasing LPG prices by 
10 % would increase the average proportion of LPG consumers by approximately 7 % and 
decrease the share of kerosene and wood users respectively. Cross-price elasticity is discussed 
more controversially, with some scholars identifying fuel substitutions driven by cross-price 
effects, while others do not find significant substitution effects (see review by Muller & Yan, 
2018: 433).  
While the above studies discuss household fuel choices in general, there is a further, closely 
related strand of literature that directly addresses intervention programs for clean energy tran-
sitions and that examines drivers and barriers to the wider use of cleaner cooking technologies. 
Much of this research refers to the adoption of improved biomass cookstoves, which, despite 
decades of efforts (see Chapter 5), are still far from widespread.  
In the first decades of cookstove programs, there were relatively few analyses that evalu-
ated these interventions and examined what made them succeed or fail (for an early review 
see Barnes et al., 1994). Lewis & Pattanayak (2012) note that when initial attempts to impose 
untested technologies on hesitant households and consumers failed, research in the area fo-
cused primarily on demand-side factors. According to the authors, the focus on demand was 
underpinned by a growing body of literature which suggested that consumers often did not 
know or appreciate the benefits of health technologies such as water filters, improved stoves 
or insecticide-treated bed nets and hence do not invest in or use them (e.g., Rhee et al., 2005).  
Stove designs that did not meet user needs (Kishore & Ramana, 2002; Mobarak et al., 2012; 
Rosenbaum, Derby & Dutta, 2015) and ineffective financing and distribution models were fur-
ther barriers that have been discussed since very early on in the context of stove interventions, 
together with factors that had already been identified in the more general literature, such as 
consumers being unable or unwilling to pay for costly new stoves and fuels (Masera, Díaz & 
Berrueta, 2005) or limited educational attainment (El Tayeb & Mukthar, 2003). Low adoption 
rates have also been attributed to the division of tasks and decision-making processes within 
households (Troncoso et al., 2007). 
In the past decade, the body of evidence on the determinants of the adoption and use of 
improved biomass stoves (and sometimes clean fuels) has grown fast. Hereby, qualitative and 
observational research has been complemented by a growing number of experimental studies, 
examining, amongst other things, the effects of different pricing and dissemination models 
(Beltramo et al., 2015; Bensch & Peters, 2019; Levine et al., 2018; Rosenbaum, Derby & Dutta, 
2015). Most recently, researchers have assessed household preferences when offered a range 
of different cleaner cooking options. In this context, Menghwani et al. (2019) found that most 
participants chose the cleanest alternatives, i.e., LPG and induction stoves, regardless of price. 
Users’ knowledge and perception of the technologies’ benefits such as smoke reduction, fast 
cooking (in the case of LPG), safety or cleanliness positively influence the uptake of improved 
stoves or clean fuels (see Rehfuess et al., 2014 and Puzzolo et al., 2016 respectively for over-
views).  
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The above discussion highlighted a number of key factors associated with households’ 
transition to more efficient and clean energy for cooking. More comprehensive reviews of bar-
riers and enablers to the adoption and use of cleaner cooking technologies are provided by 
Lewis & Pattanayak (2012), Rehfuess et al. (2014), Puzzolo et al. (2016), and, for IBCs in India, 
by Khandelwal et al. (2017). 
One of the key findings from the literature discussed here is that the adoption of cleaner 
fuels or cookstoves commonly results in the combined use or stacking of modern and tradi-
tional fuels and stoves, while full replacements are very rare (Cheng & Urpelainen, 2014; Ma-
sera, Saatkamp & Kammen, 2000; Ruiz-Mercado et al., 2011). Therefore, clean cooking inter-
ventions that enable the adoption of a cleaner cooking technology, e.g., by covering initial in-
vestment costs, often do not result in the sustained use of the technology, as has been shown 
for improved cookstoves (Hanna, Duflo & Greenstone, 2016) and for LPG (Kar et al., 2019). 
This issue is still insufficiently considered in research and practice. 
Given that a substantial reduction in toxic air pollution essentially requires a complete 
switch to clean cooking fuels and stoves, it is therefore essential to go beyond mere technology 
adoption in order to explore how long-term acceptance and almost exclusive use as a next 
stage can be achieved. Yet, existing research primarily examines the adoption of clean cooking 
fuels (Puzzolo et al., 2016), while only very few studies (e.g., Gould & Urpelainen, 2018) offer 
more comprehensive insights by also looking at drivers and barriers to the frequent use of 
clean technologies. 
In the case of LPG, which takes on a central role in this dissertation, it is known that the 
initial investment cost (for the stove, cylinder, regulator, pipe) is a crucial obstacle to wide-
spread adoption, especially for poorer households and those who gather firewood free-of-
charge (Edwards & Langpap, 2005; Gould & Urpelainen, 2018; Puzzolo et al., 2016).  
Promoting a transition to almost exclusive use, however, requires a systemic perspective, 
since affordable and reliable fuel supply is key for consumers of fuels like LPG or ethanol. In 
this context, recent reviews and meta-analyses emphasize the role of government facilitation 
through, e.g., subsidies, regulation or market development and the need to take into account 
the multiple levels involved in clean cooking interventions, from the household up to the na-
tional level (e.g., Puzzolo et al., 2016; Quinn et al., 2018).   
More specifically, alongside the previously discussed socio-economic and cultural charac-
teristics of the household that hardly vary in the short term, the market situation (e.g., reliable 
supply) and specific policy measures must be examined. Measures aimed at making access 
affordable for poor, rural households and providing them with the necessary knowledge de-
serve special attention here.  
Indeed, existing studies do indicate that poor, rural households are often unable to make 
the transition without additional financial support, particularly in the case of LPG (Gould & 
Urpelainen, 2018; Puzzolo et al., 2016), and they document successful examples of widespread 
LPG uptake through subsidies (Andadari, Mulder & Rietveld, 2014; Lucon, Coelho & Gold-
emberg, 2004; Troncoso & Soares da Silva, 2017). Apart from few case studies (Benka-Coker et 
al., 2018; Jain, Agrawal & Ganesan, 2018), there is, however, a lack of systematic research on 
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how LPG subsidies could be designed to provide effective access to vulnerable groups, on the 
feasibility of targeted subsidies for selected groups, and on the sustainability of such subsidies 
for the countries concerned (Puzzolo et al., 2016). 
More generally, most academic and grey literature on fossil fuel subsidies examines them 
from the perspective of subsidy reform (see 2.2). In terms of energy access aspects, the focus 
lies on the overall unequal benefits of universal subsidy schemes (Arze del Granado, Coady & 
Gillingham, 2012) and their failure to provide energy access to the poor. While eliminating and 
reforming fossil fuel subsidies is highly justifiable on many grounds, differences between fuels 
and purposes and the specific role of fuel subsidies for clean cooking as outlined above are not 
sufficiently considered.  
Alongside the challenging aspect of subsidies, awareness campaigns are another key pol-
icy instrument that has been insufficiently analyzed so far. Only a few studies examine the 
effect of information on the health benefits of cleaner technologies on their uptake and use 
(Beltramo et al., 2015; Mobarak et al., 2012). These studies, which find no consistent evidence 
for the effectiveness of health messaging, are primarily related to the introduction of improved 
biomass cookstoves. The effect in the context of transition to LPG has hardly been examined 
yet (a notable exception is Krishnapriya, 2017).  
This thesis will address some of the above-mentioned research gaps in a study on transi-
tions from solid biomass to LPG use presented in Chapter 7. We focus on households in rural 
India that adopted LPG, but do not use it frequently, and evaluate whether simple health mes-
saging can increase households’ willingness to pay for LPG and their propensity to use it reg-
ularly.  
In the following Chapter 5, the thesis proceeds with an overview of energy transitions in 
the household sector, turning now to the actors who have been trying for decades to accelerate 
this process. As the historical outline on clean cooking interventions will show, donors set very 
different priorities in the context of these interventions, with potentially significant develop-
mental consequences. Chapter 6 will therefore assess the political-economic and ideological 
rationale behind this divergence of strategies.  





5 A BRIEF HISTORY OF CLEAN COOKING IN-
TERVENTIONS  
For over forty years now, international organisations, national governments and other actors 
have sought to address the multiple problems surrounding solid biomass use for cooking. This 
chapter traces key developments in clean cooking efforts and shows how the focus and the 
approaches of these interventions have evolved in response to the changing understanding of 
the problem over time. It hereby concentrates again on improved biomass cookstoves and 
LPG, i.e., the two major alternatives to traditional cooking practices.  
5.1 Early interventions for forest conservation 
Earliest efforts to promote improved cookstoves in developing countries date back to the late 
1940s, but with only few stoves actually built for use (Krugmann, 1987). In the 1970s, rising 
concerns over the oil price hike and its negative impact on the poor combined with fears, that 
harvesting of fuelwood for cooking by a large and growing number of people would lead to 
mass deforestation (Eckholm, 1975). This led to a wave of cook stove projects, mainly funded 
by international agencies, in the mid and end 1970s (Krugmann, 1987).35F36,36F37  
In 1983, already 100 cookstove programs were initiated according to the Food and Agri-
culture Organization of the UN, FAO (Joseph, 1983) with many governments and “virtually 
all international donor agencies […] involved in one or more of them [...]” (Krugmann, 1987: 
3). In the context of the perceived fuelwood crisis, cookstove programs mainly aimed at in-
creasing fuel efficiency, improving energy supplies for the concerned population and mitigat-
ing the pressure on forest biomass (Arnold et al., 2003; Urmee & Gyamfi, 2014). The conven-
tional wisdom at that time was that existing traditional stoves have an extremely low energy 
efficiency such that simple design changes could lead to huge efficiency benefits (Barnes et al., 
1994). 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
36 The concerns over the ‘fuelwood crisis’ were later prominently exemplified in the Brundtland Commission report Our Common Future 
(Brundtland, 1987).    
37 As a consequence of the oil crisis, it became much more difficult to switch to modern fuels like LPG for cooking, so it was predicted 
that dependency on biomass would persist for longer than previously assumed, see Barnes et al. (1994). 
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While the programmes were projected to set up millions of stoves in the 1980s, disillusion-
ment followed soon. According to Manibog (1984: 203), less than 100,000 stoves were distrib-
uted worldwide after years of effort and a considerable proportion of them were either not 
used or only used occasionally. Furthermore, the inability to demonstrate measurable fire-
wood savings across many households raised serious doubts about further engagement in 
cookstove programmes (ibid.). 
The failure to achieve large-scale diffusion and widespread use of improved cookstoves 
was addressed in a review by Barnes et al. (1994), which suggests that stoves at that time were 
based on questionable design principles with little influence of user input and that projects 
suffered from poor monitoring and evaluation. Not very surprisingly, households in the target 
population were often not very enthusiastic about adopting a stove. In addition, regarding 
potential fuelwood savings and the role of cookstoves for forest conservation, over time more 
nuanced analyses were conducted, which showed that other pressures like timber extraction 
and demand for cropland are usually the main drivers behind changes in forest cover (e.g., 
Leach & Mearns, 1988). Together, the challenges of dissemination and the uncertain link be-
tween residential wood fuel use and deforestation, lead to a decline in early donor interest in 
cook stoves (Bailis & Hyman, 2011). 
Early efforts to promote alternatives to traditional cooking appliances also involved sup-
port for modern cooking fuels like LPG. LPG was notably promoted by national governments 
through large-scale programmes, e.g., in Brazil and Senegal from the 1970s onwards (Fall et 
al., 2008; Goldemberg et al., 2018; Lucon, Coelho & Goldemberg, 2004). Improving access to 
modern fuels as an alternative to IBC funding was also occasionally referred to by actors in 
the international development community, notably by the World Bank (Barnes et al., 1994). 
However, leading publications like the World Development Report concluded that modern 
fuels would remain unaffordable and unavailable for a large proportion of the population, 
making the transition to commercial fuels difficult and long (Barnes et al., 1994; World Bank, 
1992). These reports also highlighted that making modern fuels accessible would require loans 
or subsidies for appliances and fuel, whereas particularly subsidies on fossil fuels create other 
problems like wasteful consumption (see Chapter 2). 
5.2 Cookstoves to reduce indoor air pollution 
In the end late 1980s and early 1990s, an increasing number of scientific publications empha-
sized that smoke from burning biomass in traditional cooking stoves led to high levels of HAP 
with health-threatening effects (Chen et al., 1990; Smith, 1987, 1993). Consequently, the concept 
of improving cookstoves with chimneys or other elements to reduce direct exposure to health-
damaging pollutants became popular. Hence, while initial efforts to promote improved 
cookstoves were driven primarily by the aim to conserve forests, now the social and health 
benefits from reducing air pollution were at the core of most improved stoves programmes. 
The environmental motivation remained nevertheless important and was underpinned by 
publications in the mid-1990s which described HAP as critical environmental problem (due to 
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the global warming potential of biomass combustion) and highlighted the relevance of energy 
efficient cookstoves in this context (Barnes et al., 1994; World Bank, 1992). In the late 1990s, 
donors began to prioritise public health, which opened up new financing channels for 
cookstove programmes (Bailis & Hyman, 2011).  
Large government programs for improved biomass cookstoves were launched in China, 
India, Bangladesh, Sri Lanka, Nepal, and some African and Latin American countries (Urmee 
& Gyamfi, 2014). Some of them were successful. China, for instance, implemented largely suc-
cessful programs since the 1980s, which provided the majority of households in rural areas 
with better biomass and coal stoves that were actually used (Sinton et al., 2004; Smith et al., 
1993). Another government program which was relatively successful was the dissemination 
of about 1 million improved charcoal stoves, the so-called ‘Jiko’-stoves in the 1980s and 1990s 
in Kenya (Daniel M. Kammen, 1995; Hyman, 1987).  
Dozens of development organizations have developed IBC projects, too, since the mid-
1990s. However, most of them could not be scaled up to more than a few thousand stoves 
(Bailis et al., 2009). In this context, researchers like Robert Bailis and Omar Masera argued that 
a main challenge for improved stoves was that donors – in line with the general shift towards 
more neoliberal approaches to development – increasingly emphasized market-based ap-
proaches to stove dissemination and disfavored (partially) subsidized models (Bailis et al., 
2009; Bailis & Hyman, 2011). So, even though cookstoves were praised as instruments to pro-
vide public goods such as public health and environmental conservation – and such goods 
typically require financial assistance – “[…] in the case of stoves, by the 1990s such assistance 
lost popularity” (Bailis & Hyman, 2011: 60). 
With regards to core World Bank departments concerned with household energy, a staff 
report describes declining attention and resource allocation: “The focus on household energy 
access remained strong between 1988 and 1994”, “[…] a shift came in the mid-1990s, when 
household energy access activities declined during the 1996–97 period as growing attention 
focused on rural electricity access” (Ekouevi & Tuntivate, 2012: 14). The lower policy attention 
for biomass energy and cooking fuels cooking energy at the turn of the century and beyond 
has been related to an ongoing uncertainty in the development community about the potential 
for further stove-promoting interventions (Arnold, Köhlin & Persson, 2006; Ekouevi & Tunti-
vate, 2012). Factors underpinning this pessimism were the recognition that the ‘fuelwood cri-
sis’ had been exaggerated and a lack of consistent evidence that improved stoves did generate 
health-benefits and were relevant to the concerned communities (DFID, 2002); Arnold et al. 
2006). At the same time, a common normative framework on the international level for this 
crosscutting issue was missing for a long time, as described in the following section. 
5.3 Sluggish international coordination 
Due to the historically close links between energy, economic development and national secu-
rity, governments have always been reluctant to address energy issues in a multilateral con-
text. Therefore, there was essentially no institutionalized cooperation and norm development 
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on energy in the UN System and beyond during roughly five decades after it was founded 
(Karlsson-Vinkhuyzen, 2010).37F38 This normative vacuum also concerned energy issues in de-
veloping countries: while there were diverse activities by bi- and multilateral development 
agencies, the Bretton Wood institutions and national governments, these activities were 
greatly fragmented and the choice over which energy sources and services being supported 
was guided by the individual priorities of the initiating institutions (Karlsson-Vinkhuyzen, 
2010).  
Only when environmental concerns gained prominence on the international stage, energy 
became increasingly discussed from a different perspective and a series of events marked the 
emergence of global agendas and institutions on sustainable development. The first UN Con-
ference on Environment and Development in Rio de Janeiro 1992 strengthened the link be-
tween energy, development and the environment, especially in the context of climate change. 
The ‘Agenda 21’ – a non-binding action plan adopted in Rio – suggested that governments 
increase efforts to improve efficiency, reduce demand, promote renewable energy and cleaner 
technologies (UN, 1992). Regarding household energy access, governments should support 
the use of alternative sources of energy and improved stoves in order to reduce pressure on 
wood resources (UN, 1992: par. 12.18). 
In the 2000s, general energy issues finally gained a more prominent role on the UN agenda 
in normative as well as institutional terms (Karlsson-Vinkhuyzen, 2010). Policy attention on 
the problems caused by domestic biomass use first remained low though, as exemplified by 
the adoption of the Millennium Development Goals (MDGs): These eight global development 
targets for 2015 that were established following the UN Millennium Declaration in 2000 in-
cluded a specific goal (MDG 7) to ensure environmental sustainability (UN, 2000, 2001). It was 
mainly concerned with greenhouse gas emissions and deforestation, encouraging govern-
ments to integrate principles of environmental sustainability into country policies and (devel-
opment) programmes. Reducing HAP is also contributing to the achievement of other MDGs, 
such as gender equality (MDG 3), reducing child mortality (MDG 4) and improving maternal 
health care (MDG 5). However, none of the MDGs explicitly referred to domestic energy use 
or air pollution. Hence, like in the action plan adopted in Rio 1992, access to modern energy 
as a basic need to reduce poverty and improve health remained neglected. 
Energy as a crosscutting issue of economic, social and environmental development was for 
the first time discussed as separate agenda item on the international level in the 9th meeting of 
the UN’s Commission on Sustainable Development (CSD) in 2001.38F39 While the meeting was 
characterized by difficult negotiations, the adopted decision emphasized that energy services 
are crucial to eradicate poverty (UN Commission on Sustainable Development, 2001). The 
Johannesburg World Summit on Sustainable Development (WSSD) in 2002 prominently 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
38 The only major international organisation at the time was the IEA. It was founded in 1974, essentially to support states in the coordi-
nation of efforts to deal with major disruptions in the oil supply. Today it sees itself as a key part of the global dialogue on energy by 
providing analysis and policy recommendations in a wide range of areas. Only OECD countries can become member of the IEA. For 
further information, see https://www.iea.org/. 
39 The CSD was founded in 1993.  
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repeated this new recognition of energy access as a precondition for development and poverty 
reduction. Hence, in the global energy discourse, while energy had been linked to sustainable 
development only in terms of being a source of environmental stress and as major driver of 
economic growth, now it was also seen as pre-condition to fulfill basic human needs (McDade, 
2004; Najam & Cleveland, 2003).  
The WSSD summit marked the launch of the Shell Foundation and the Partnership for 
Clean Indoor Air (PCIA). 590 partners, including governments, industry and NGOs, joined 
the PCIA over the years. 39F 40  Briefly after the WSSD the United Nations Development Pro-
gramme (UNDP) launched a partnership with the World LPG Association (WLPGA) to pro-
mote affordable and accessible LPG for people in developing countries. In a project called Ru-
ral Energy Challenge, the WLPGA examined rural LPG use in seven countries. 40F41 All of these 
initiatives had the character of loose networks whose activities were limited to capacity build-
ing and technology transfer. Hence, energy and energy access remained issues without ‘insti-
tutional home’ in the UN system (Spalding-Fecher, Winkler & Mwakasonda, 2005). In addi-
tion, the world leaders at WSSD did not agree on targets for improved energy access (nor for 
renewable energy), nor did they commit to significant resources to increase access to energy 
services.  
Thus, while energy was widely recognised as an essential means to achieve many devel-
opment objectives in all sectors, specific energy measures, in particular those related to the 
role of heat and fuels, were still underestimated (McDade, 2004). The neglect of the issue in 
global development cooperation frustrated some. Drawing from the ongoing discussion about 
the historical responsibility of industrialized countries for greenhouse gas (GHG) emissions, a 
senior UNDP manager of the sustainable energy program and environmental health scientist 
K. Smith criticized the neglect of fuels in development assistance efforts. They argued that it 
was partly because environmental protection arguments would direct development assistance 
funding for energy and that it raises equity concerns (McDade, 2004; Smith, 2002).41F42  
In 2005, an advisory body commissioned by the UN Secretary General to propose the best 
strategies for meeting the MDGs, identified access to basic energy services as an area not in-
cluded in the formal Goals framework, but of vital importance for the achievement of the 
goals. The commission suggested that in order to help achievement of the goals by 2015, coun-
tries should aim to reduce the number of persons without access to modern cooking fuels by 
half and make improved cookstoves widely available (UN Millennium Project, 2005: 30). 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
40 The partnership existed 2002-2012 and was then integrated with the Global Alliance for Clean Cookstoves. It had four priority areas: 
addressing social/cultural barriers to adopting improved technology; supporting the development of local business models and mar-
kets for improved cooking and heating techniques; improving the design and performance of improved fuels and technology; and 
demonstrating reduced exposure to indoor air contaminants.  
41 They held multi-stakeholder workshops in seven countries between 2003 and 2007: Ghana, Honduras, South Africa, Morocco, Vi-
etnam, China and Turkey. 
42 While climate justice is an important argument to be considered in the debate that is subject of this work, the normative perspective is 
beyond the scope of this chapter and will hence not be further discussed.  
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Yet, national energy strategies, plans for poverty reduction and achieving the MDGs and 
for implementing multilateral environmental agreements (e.g., on climate change)—formu-
lated with support of bi- or multilateral development agencies—often neglected energy chal-
lenges and remained unconnected. Moreover, there was still a lack of any large-scale financing 
for biomass energy and cooking fuels throughout the first decade of the new millennium 
(Sagar, 2005). 
5.4 Regaining traction for climate change mitigation and health potential 
The Kyoto Protocol, adopted 1997 to implement the United Nations Framework Convention 
on Climate Change (UNFCCC), entered into force in 2005, with the first commitment period 
starting 2008. In the context of the ratification, improved biomass stoves regained attention 
due to their climate mitigation potential. Recent issues in the climate change discussion added 
further interest: the role of fuelwood dependence in deforestation was again discussed in the 
context of REDD (reduction of emissions from deforestation and degradation) and traditional 
stoves have been identified as an important source of black carbon aerosols, which are power-
ful climate warmers (Bailis & Hyman, 2011; Hansen & Nazarenko, 2004).  
Similarly, further evidence on the health risks related to traditional woodfuel cooking prac-
tices was published (e.g., Díaz et al., 2007; Smith-Sivertsen et al., 2004). In a landmark publica-
tion, the WHO (2006a) emphasized that these serious public health risks had so far been ne-
glected and that since 1990 there was hardly any progress to improve access to modern cook-
ing. The report also highlighted that—where this is possible—switching to modern fuels like 
LPG or biogas was the most effective way to reduce indoor smoke.  
This greater evidence on and revived interests in the manifold aspects of household cook-
ing energy was reflected in a rising number of reports within multilateral organizations 42F43. 
Hence the issue of cooking energy started to (re)gain momentum on the agenda of interna-
tional development cooperation towards the end of the 2000s (Kees & Feldmann, 2011), this 
time with was a strong push from health and climate concerns. 
Against this background, improved cookstoves were not only designed to save fuelwood 
anymore, but were supposed to address a whole range of issues such as local health and envi-
ronmental implications,  as well as the global impacts associated with GHG (Masera, Díaz & 
Berrueta, 2005). The new generation of improved biomass cookstoves becoming available com-
mercially had an advanced design and were more effective than before (e.g., MacCarty, Still & 
Ogle, 2010). 
The renewed interest has also been associated with the availability of (new) funding op-
portunities, particularly those related to international climate finance or carbon markets (Bailis 
et al., 2017; Kees & Feldmann, 2011; World Bank, 2011).43F44 While for a long time, clean cooking 
(specifically cookstoves) had been promoted predominantly through small, donor-funded 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
43 Key multinational organizations publishing on the topic included the World Bank, the World Health Organization, the UNDP and the 
IEA.  
44 Financing of clean cooking projects through carbon markets and public climate finance will be discussed in detail in Chapter 6.  
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give-away programs, the renewed interest triggered several large initiatives, which promised 
a major boost for clean cooking efforts (see 5.5). There were also renewed efforts by national 
governments. The government of India for example re-launched a large-scale IBC program in 
2009 (GOI, 2013).44F45 
On the multilateral level, Energising Development (EnDev), an initiative launched by Ger-
many and the Netherlands in the aftermath of the Johannesburg Summit, became a partner-
ship of bilateral donors from Northern and Central Europe in 2009.45F46 EnDev aims to provide 
poor households with modern energy services by supporting access technologies based on 
renewable energies such as photovoltaic systems or improved biomass cookstoves or biogas. 
5.5 High level platform initiatives and slow progress  
In 2010, the Global Alliance for Clean Cookstoves (henceforth ‘the Alliance’) promised a con-
certed and rigorous push to improve climate and health outcomes by making clean cookstoves 
and fuels available to 100 million households until 2020. Hosted by the UN Foundation, it 
brought together a large network of partners ranging from multilateral organizations to aca-
demic institutions in order to create a global industry for clean cooking solutions. 
The need to act on energy poverty in a coordinated manner was now also recognized 
within the UN system. Based on recommendation by the Advisory Group on Energy and Cli-
mate Change (AGECC), Ban Ki-moon launched the Sustainable Energy for All (SEforALL) in-
itiative in 2011, a global platform supposed to catalyze action on the issue. SEforALLs goals 
are to achieve universal access to modern energy services (including electricity and clean cook-
ing equipment), to double the global rate of improvement in energy efficiency, and to double 
the share of renewable energy in the global energy mix. The UN General Assembly further 
declared 2012 as the International Year of Sustainable Energy for All (AGECC, 2010; UN, 2011). 
Under the SEforALL Initiative, multilateral development banks, bilateral donors and the pri-
vate sector made financial commitments to improve modern access to energy. These pledges 
corresponded, however, to only a mere fraction of the investment needed to achieve universal 
access to modern energy (Birol, 2014). 
In 2012, SEforALLs chief executive Kandeh Yumkella encouraged Kimball Chen, then the 
president of the WLPGA, to establish an organisation with non-profit status, but as a public-
private partnership, to help scale up LPG adoption for clean cooking in low- and middle- in-
come countries. Chen put together a group of experts to establish Global LPG Partnership 
(GLPGP). Global LPG Partnership partners with host country governments upon their invita-
tion – namely eight African countries – and other actors to establish national plans to scale-up 
LPG infrastructure, distribution and demand and provides assistance for the financing and 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
45 Despite massive promotion over many decades through this and earlier programs, the adoption of IBCs in India has remained very 
limited though, see Khandelwal et al. (2017). 
 
46 EnDev is financed and led by the governments of the Netherlands, Germany, Norway, the United Kingdom, Switzerland, and Swe-
den. Further financial supports (for bilateral individual country projects) have come from Irish Aid, the EU, USAID, and the Australian 
Government Department of Foreign Affairs and Trade (DFAT). 
Energy transitions A brief history of clean cooking interventions 
62 
 
implementation of key plan elements, e.g., with microfinance programs (GLPGP, 2018). The 
fact that Chen as well as a part of GLPGP staff previously worked in the oil- and gas industry 
led to confusion in the sense that many actors in the sector thought of GLPGP as a private 
sector oriented organization (personal communication).46F47  
The SEforALL goals link closely to the SDGs and the Paris Climate Agreement, both 
adopted 2015 (see also 6.3.1). In the context of the Paris Agreement, clean cooking was widely 
discussed as important component of mitigation efforts that also address the needs of the poor. 
Energy is also at the core of the UN’s Sustainable Development Goals, which, unlike the MDGs 
discussed above, explicitely refer to energy with SDG 7 calling for universal access to afforda-
ble, reliable, sustainable and modern energy for all. Furthermore, implementing clean cooking 
technologies in low-income households will drive progress towards several of the other SDGs 
such as health and wellbeing (SDG 3), empowering women and girls (SDG 5), sustainably 
managing forests and halting land degradation (SDG 15) or combatting climate change 
(SDG 13) (Rosenthal et al. 2018). 
The appeal of cookstove interventions had also been (re-)discovered within the World 
Bank. A 2011 publication in support of the Bank’s re-engagement in the issue emphasized that 
“[t]he value chain around cookstoves—perhaps the simplest and oldest household technol-
ogy—presents an opportunity to put the integrative idea of sustainable development into 
practice” (World Bank 2011, v). At the same time, the World Bank, together with political de-
cision makers and academics, also increasingly recognized that gas for cooking is an important 
part of the efforts to reach widespread access to clean energy. A comprehensive staff report 
assessed LPG markets and its use in various low-income countries and provided suggestions 
for  governments and industry on how to promote LPG such as modernizing regulatory frame-
works or improving the supply and transport infrastructure, while recognizing the limitations 
of price subsidies (Kojima, 2011).  
After a period of low attention in the end 90s, the World Bank started providing assistance 
related to cooking and heating energy through its Energy Sector Management Assistance Pro-
gram (ESMAP), the Regional Program for the Traditional Energy Sector and the Biomass En-
ergy Initiative for Africa. Apart from comprehensive analytical work and policy support, lend-
ing operations with household energy components were initiated after 2002 (Ekouevi & Tun-
tivate, 2012). World Bank financed projects that were launched before 2011 and had a compo-
nent on access to fuelwood or stoves, focused mainly on Sub-Saharan African countries and 
primarily involved the distribution of large numbers of improved biomass cookstoves. How-
ever, in Mali, Niger and Senegal, where the governments were already running own interfuel 
substitution programs, the World Bank projects promoted the commercialization of both ker-
osene and LPG stoves by private entrepreneurs with a focus on subsidies supporting small-
size LPG cylinders (see Ekouevi, 2013 for an overview on all projects).47F48  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
47 This information is part of self-collected survey- and interview data from key representatives in the clean cooking sector which is used 
for the study presented in Chapter 6. All methodological details are provided there. 
48 The Bank further funded four projects supporting biogas for cooking and lighting in China and Nepal and eight on natural gas for 
cooking and heating, mostly in Europe and Central Asian countries, see Ekouevi (2013). 
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Since about 2012, the World Bank has significantly scaled up its support to clean cooking 
and by end 2017 managed a portfolio of $130 million in this sector (World Bank, 2017a). Col-
laborating with the Alliance, SEforALL and bilateral donors and through ESMAP, the Bank 
has launched several large regional initiatives. These initiatives include the Africa Clean Cook-
ing Energy Solutions initiative (2012-2014), a technology and fuel-neutral platform for enter-
prise development in Sub-Saharan African countries, and the East Asia and Pacific Clean Stove 
Initiative, which is piloting and providing result-based financing for clean stoves since 2012 in 
China, Indonesia, Lao PDR and Mongolia (World Bank, 2012; Zhang & Adams, 2016). While 
these programmes mainly work through awareness raising, capacity building and the mobili-
zation of private sectors actors and NGO’s, the World Bank’s South Asia Household Energy 
Initiative aims to disseminate directly 1 million improved cookstoves in Bangladesh (Jain & 
Sadeque, 2017). Since end 2014, the World Bank officially collaborates with the cookstove Al-
liance in the Efficient Clean Cooking and Heating Partnership to support in-country projects 
undertaken by both organizations.48F49 
Not only international development programmes by the World Bank and other interna-
tional institutions, but also a variety of NGO-, government-led or private-initiative cookstove 
programs had surfaced during these years and “[…] cookstove programs have become a 
global enterprise” (Urmee & Gyamfi, 2014: 630). The increased prominence of the issue was 
also reflected in ambitious targets for scaling up household energy interventions that have 
been set by a number of national governments, including China, India, Ghana, Bangladesh, 
Guatemala, Nigeria, and Kenya, often in partnership with international agencies (GACC 2016, 
Urmee and Gyamfi 2014). Ghana, for instance, aimed to transition 50 % of households to LPG 
as primary cooking fuel and provide access to improved biomass cookstoves by 2 million 
households. Kenya set its LPG penetration-target at 18 % in 2020 (35 % in 2030) and aimed to 
reach 5 million additional households with improved cookstoves.49F50  
Thus, within just a few years, household energy for cooking and heating has become well 
established on the agenda of international organizations. The dominant context for debates 
about cooking interventions was now the health-climate nexus, given the Paris agreement, the 
SDGs, but also a number of publications that further emphasized the need for urgent action 
on the issue based on the massive global health burden from HAP (GBD 2016 Risk Factors 
Collaborators, 2017; WHO, 2014) and medical research emphasizing the need to decrease ex-
posure levels to extremely low values in order to improve health outcomes (Burnett et al., 2014; 
WHO, 2014) (see 4.1.2). 
Against this background and given that for a wide range of improved biomass cookstove 
technologies no significant health benefits could be achieved (see 4.1.2), standards for the per-
formance of stove technologies and fuels that were being developed since 2005 became more 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
49 In the initial stage, the partnership has been supporting activities in 12 countries where the World Bank Group and the Alliance are 
active in clean cooking programs, including the eight Alliance focus countries – Bangladesh, China, Ghana, Guatemala, Kenya, India, 
Nigeria, and Uganda. Projects include the dissemination of super clean gasifier cookstoves in LAO, the support of LPG in Kenya, a 
result-based financing pilot of clean cookstove in Indonesia and the continued support to a clean cookstove project in China. 
50 See the SEforALL country action agendas for Ghana and Kenya.  
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important (see 6.3.1). In this context it is worth noting that the World Bank has adopted a 
result-based financing approach where based on the clean cooking performance, financial in-
centives are provided for the private sector to deliver clean cooking services. 
Yet, most of the stoves distributed by the Alliance and its partners did not meet the perfor-
mance requirements for sufficient emission reductions of PM2.5 and CO (Bruce et al., 2015; 
GACC, 2017; WHO, 2014). In addition, even if the promoted IBCs achieved the health benefits 
required, they were often not (regularly) used in households (see 4.2).50F51 The fact that the Alli-
ance has lagged far behind its objectives has also been the subject of prominent media reports 
(Morrison, 2018). 
Hence, on the one hand, the Alliance and its partners managed to increase levels of atten-
tion and funding to the issue and the global cookstove market experienced a big shift over the 
years since its formation, with several for-profit manufacturers selling remarkable numbers of 
stoves, global standards and testing centers to compare stove qualities (GACC, 2017; Putti et 
al., 2015). On the other hand, despite all major, coordinated efforts described above, their suc-
cess in providing access to clean stoves and fuels was very limited so far.  
The observation that “progress on clean cooking remains painfully slow” 51F52 is documented 
well in the Energy Progress Report, 52F53 which tracks global progress towards access to clean 
cooking and other SDG 7 targets. While overall progress falls short on meeting all SDG 7 goals, 
usage of clean cooking fuels and technology is lagging furthest behind. Between 2010 and 2017 
access to clean cooking solutions increased by only 0.5 pps per year. This would leave about 
one third of the global population with no access to clean cooking by 2030 if the growth rate 
seen 2010-2017 is assumed (IEA et al., 2019). 
One of the major factors underpinning the unsatisfactory development in the sector is that 
despite the increased awareness, only few large-scale interventions have been triggered so far 
and profoundly needed, large-scale funding is still missing in the sector (IEA et al., 2019: 56; 
SEforALL & CPI, 2018), an issue further discussed in 6.3.2. 
5.6 Increased emphasis on LPG 
In the light of the increased emphasis on clean fuels and stoves to generate health benefits, 
interventions in the last few years suggest some increased efforts to promote LPG use. Coun-
tries in the Economic Community of West African States (ECOWAS) for instance, coordinated 
their LPG targets for clean cooking under the guidance of the ECOWAS Centre for Renewable 
Energy and Energy Efficiency, which funded the West African Clean Cooking Alliance in 2012 
to support and coordinate national and international efforts on the issue in the region.53F54 Some 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
51 The stacking issue is also pertinent for LPG though. 
52 Message of Clean Cooking Alliance CEO Dymphna van der Lans, May 31 2018, see Clean Cooking Alliance (2018a).  
53 The Energy Progress Report was formerly known as the Global Tracking Framework and is today produced in a joint effort of the IEA, 
the International Renewable Energy Agency (IRENA), United Nations Statistics Division (UNSD), the World Bank, and the World 
Health Organization (WHO). 
54 See http://www.ecreee.org/Project/wacca for more information. Technical partners of the initiative include the GACC, the Austrian 
Energy Agency, the GIZ and a couple of NGOs. 
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ECOWAS countries, but also selected East and Central African countries, aim at very wide-
spread use of LPG, e.g., Cabo Verde, Nigeria, Angola, Gabon or Tanzania (van Leeuwen, Ev-
ans & Hyseni, 2017). 
Governments of these countries take this initiative to meet the SEforALL goal and SDG 7 
of universal access to modern energy – reflected as part of the countries’ SEforALL Action 
Agenda – but also to protect forests and foster economic development (Bruce, Aunan & Re-
hfuess, 2017). The Global LPG Partnership is assisting some countries to craft policies and plan 
investments in order to increase LPG use (van Leeuwen, Evans & Hyseni, 2017). In Cameroon, 
Ghana and Kenya, this support implemented by the Global LPG Partnership was delivered 
through the Clean Cooking for Africa Programme of the KfW Development Bank, funded 
through the European Union-Africa Infrastructure Fund (EU-AITF). In two of the three coun-
tries, planned support was likely to include investments into LPG infrastructure (Bruce, 
Aunan & Rehfuess, 2017), but the resources potentially available to create a corresponding 
investment fund expired when EU-AITF was discontinued and transferred into a new finan-
cial facility, whereas any pending projects were not transferred to the new facility (personal 
communication KfW representative). 54F55 
Important LPG subsidy programs that succeeded in the switch of major population parts 
to LPG are/were running in India since 2016 (see Chapter 7), in Peru since 2010 (Pollard et al., 
2018), in Ecuador since the 1970s (Gould et al., 2018)55F56, in Indonesia 2007-2012 (Thoday et al., 
2018), and (to some extent) in Ghana and Senegal. The earliest initiative to promote LPG was 
Brazils largescale national program from the end 1970s to end 1990s (Lucon, Coelho & Gold-
emberg, 2004). Consistent fuel stacking remains an issue in many of these countries though 
and where LPG consumption is heavily subsidized, their high fiscal burden, and problems of 
diversion for other uses and smuggling remain substantial challenges to address. Remarkably, 
the lion’s share of programs promoting LPG, e.g., in India or Indonesia, is initiated and fi-
nanced by national governments themselves.  
The discussion above showed that development banks and international initiatives appear 
to have started to embrace LPG in recent years, alongside with other clean fuels (e.g., Putti et 
al., 2015). The renaming of the Global Alliance for Clean Cookstoves to the Clean Cooking Alliance 
in 2018 might be a further indicator of this broader tendency. Additionally, researchers and 
practitioners are increasingly interested in analytical approaches that consider both health and 
climate benefits. More specifically, they aim to understand how LPG and advanced IBCs could 
be best combined to maximize benefits across SDGs in countries where the exclusive use of 
clean fuels is not a realistic scenario in the nearest future (Rosenthal et al., 2018; Serrano-
Medrano et al., 2018).  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
55 This information is part of self-collected survey- and interview data from key representatives in the clean cooking sector that is used 
for the study presented in Chapter  6. All methodological details are provided there. 
56 Due to different factors, including the high fiscal burden from LPG subsidies and increased availability of electricity from hydro-
power, Ecuador’s Government has launched a major induction stove program (PEC) to reduce the demand for LPG in 2014 Gould et al. 
(2018). 




The historical outline presented here has illustrated, first, that the prevailing understanding of 
residential energy use in resource-poor settings has evolved significantly over the past decades 
and, second, that there is now much greater international coordination of efforts to improve 
access to clean and efficient energy for cooking.  
The longest-pursued and most popular approach in development cooperation has been to 
introduce improved cookstoves for biomass and other solid fuels. That said, in view of the 
evidence that electricity or clean fuels (rather than improved biomass stoves) are required to 
bring harmful air pollutants below WHO limits in the long term (see 4.1.2), international sup-
port for these fuels has somewhat increased since approximately 2012. Yet, the academic and 
grey literature reviewed in this chapter suggests that this support remains below the efforts 
that could be expected given the scope of clean fuels and stoves to reduce the global burden 
of disease from cooking. Meanwhile, national governments have promoted widespread access 
to LPG for several decades, most recently through large-scale programs in India and Indonesia 
(GBD 2016 Risk Factors Collaborators, 2017; Gould & Urpelainen, 2018). Hence, among the 
options achieving high reductions of HAP, LPG has seen the greatest historical and current 
scale-up activities and is seen by many as an important transition fuel (Goldemberg et al., 2018; 
Quinn et al., 2018).2F56F57 
In view of the situation described above, public health scholars and institutions have been 
calling for a stronger focus on electricity and modern fuels (Bruce et al. 2015; Smith and Sagar 
2014). Some of them note that stove programmes have often cited health benefits as an im-
portant goal, but were primarily oriented towards other gains, especially climate change mit-
igation, leading to a neglect of health-centered interventions (Goldemberg et al., 2018; Rosen-
thal et al., 2018; Smith & Sagar, 2014). In view of the rather limited climate benefits of IBCs (see 
4.1.1), some proponents of LPG even argue that the household energy agenda has been com-
promised by the constraints arising from a narrow definition of sustainability, focusing on 
renewable fuels only (Goldemberg et al., 2018). 
It appears, therefore, that there are very different views among donors on how to set pri-
orities in the field of household energy. Hereby, a range of further considerations beyond the 
benefits of improved energy access might motivate the orientation of development programs. 
Given the potentially significant developmental consequences, we need a better understand-
ing of the direction in which the sector is heading and of the interests that lie behind donor 
priorities. Chapter 6 will therefore examine the ideological, political and economic factors un-
derpinning donor strategies in a theoretical and empirical analysis of the sector. 
  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
57 This is mainly because upscaling and deployment in rural areas are considered relatively easy for LPG. Ultimately, the goal may be 
universal access to electric stoves, ideally powered by renewable energy, as noted by Goldemberg et al. (2018). 





6 THE POLITICAL ECONOMY OF IMPROVED 
BIOMASS- VERSUS LPG STOVES 
6.1 Introduction 
As discussed in previous chapters, access to efficient and clean cooking facilities offers pro-
gress towards multiple objectives of sustainable development, including a reduction of pov-
erty and the global burden of disease, environmental and climate protection, and enhanced 
local development and gender equality. A recent debate highlights the relationship between 
these objectives (see 5.7), notably potential trade-offs between health and climate benefits 
(Cameron et al., 2016; Goldemberg et al., 2018).  
In this context, despite the pressing need to capitalize on the benefits from access to clean 
cooking facilities, we have a limited understanding of how the priorities of key actors in this 
sector are evolving and why they differ so much. Proponents of LPG as a clean fuel argue, for 
instance, that climate-oriented goals strongly influence the discourse and actions of interna-
tional sustainable development, leading to a focus on emission reductions through the promo-
tion of improved cookstoves and renewable biomass (Goldemberg et al., 2018). Yet, there is 
little empirical evidence on whether and by which mechanisms climate policy influences de-
velopment cooperation in the field of household energy. 
This study therefore aims to identify and explain the different positions of donors on clean 
cooking interventions by exploring what is shaping their priorities. The analysis focuses on 
the promotion of LPG versus IBCs, which have been the two globally dominant options in 
government programs and development cooperation and which are at the heart of the debate 
on health vs. climate benefits from cooking interventions in the residential sector.57F58 Since clean 
cooking is a crosscutting issue, very diverse actors are addressing it from their respective per-
spective. Moreover – similar to aid allocation in general – political and economic factors may 
underpin preferences for certain technologies.  
I thus seek to examine how priorities in clean cooking programs are influenced by eco-
nomic incentives, political interests, and power, which are in turn shaped by institutional 
structures and norms. My analytical framework is mainly based on a rational choice approach 
and draws on findings from the political economy of aid and the climate finance literature. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
58 However, as mentioned before, other clean fuels and appliances, e.g., those powered by electricity or biogas, are becoming increas-
ingly relevant.  
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The empirical analysis is informed by the academic literature on clean cooking interventions 
and climate finance, policy documents and the interpretation of these documents. I comple-
ment and cross-validate this evidence with self-collected data from a survey among represent-
atives of key organizations in the sector and from in-depth interviews with key informant ex-
perts. 
In the remainder of this chapter, I will proceed as follows. In 6.2, I present the analytical 
framework and formulate expectations about how its elements and their interactions explain 
allocation priorities in the sector. In the empirical analysis in 6.3, I first examine each element 
of the framework in turn to assess how it has shaped donor priorities. More specifically, I study 
the interplay between the institutional arrangements and the organizations, in particular how 
institutional characteristics structure the behaviour of organizations active in the sector, taking 
into account their roles, interests and ideas. I subsequently present results from an expert sur-
vey and from personal interviews, which will serve to triangulate the findings from the first 
part of the study and provide evidence on current aid allocation trends in the sector. Section 
6.4 concludes the chapter with a critical discussion of the results. 
6.2 Analytical framework  
This section specifies the key elements of the analytical framework and develops a theoretical 
argument on how they interact in order to explain donor priorities in the clean cooking sector. 
The conceptual basis of my analytical framework is primarily inspired by rational choice in-
stitutionalism. The framework further draws on findings of the literatures on the political 
economy of aid and on climate finance, which are broadly related to the topic. 
6.2.1  Actors 
Actors in the context of this analysis are broadly defined as all organizations involved in the 
promotion of clean cooking fuels and technologies. Their activities are very diverse and in-
clude, amongst others, project planning and implementation, advocacy work and the produc-
tion of appliances. The individual organizations are sometimes part of higher-level initia-
tives/organizations or make financial contributions to these organizations' activities. Deci-
sions regarding resource allocation to clean cooking interventions are made at both levels. 
Donors have a central role to play, as their financing has a decisive influence on the imple-
mentation and orientation of interventions. Bilateral and multilateral donors, through their 
substantial financial contributions and their intermediary role respectively, typically have a 
particularly important part to play.  
Regarding the actors’ resource allocation to specific technologies, I expect that those with 
a mandate directly linked to either public health or climate change mitigation base their 
behaviour on this mandate, i.e., opt for clean fuels or biomass cookstoves respectively. Apart 
from organizations with particular interests, there are a number of actors, which have a general 
development mandate, such as non-governmental aid organizations, national development 
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agencies and development banks. They can be expected to be interested in the integrated 
possibilities of promoting sustainable development with cookstoves, including their climate 
and health benefits, and beyond that, the promotion of the local economy, gender equality and 
other social benefits. These actors’ resources may be used to support both IBC and LPG 
interventions.  
However, bilateral and multilateral donors do not simply allocate resources according to 
mere technocratic criteria. The aid allocation literature examining how official development 
assistance (ODA) granted by bilateral donors is allocated to different developing countries 
shows, for instance, that aid is often allocated according to donor interests instead of recipient 
need (e.g., Berthélemy, 2006) and that aid allocated based on donor interest is less effective 
(Kilby & Dreher, 2010). I therefore expect donors’ allocation decisions to be influenced by eco-
nomic incentives and (political) norms, which result mainly from the institutional framework 
in the clean cooking domain, as discussed in the following section. 
6.2.2  Institutions 
In political analysis, there is now broad consensus that “institutions matter” because they con-
strain but also enable actions by states and other actors (e.g., Hay, 2002). Following a widely 
accepted definition, institutions can be understood as “the rules of the game” (North, 1990), 
with organizations and individuals (in this chapter actors) as the players. These rules comprise 
regulative and normative elements and shape human exchange – economically, socially and 
in political life. The rules can relate to formal institutions (such as legal systems, regulations, 
and standards) or informal institutions (like social norms or cultural practices). In political 
economy approaches that draw on public choice theory (Mueller, 2003), the critical role of in-
stitutions is to provide incentive structures: institutional characteristics define the incentives 
that structure the behavior of self-interested, rational actors.  
Of course, institutions or institutional arrangements can evolve and change in the long-run 
and agency and politics are required to build and maintain institutions (e.g., Leftwich & Sen, 
2011). This is also true for the sets of rules and norms considered in this chapter. These have 
changed and developed considerably, among other things through negotiations between the 
actors and in response to new scientific findings. However, the focus of this paper is not on 
questions of the emergence of these norms, but on their impact. In particular, the aim is to 
examine how the institutional framework, as it has been in place since about 2015, shapes do-
nor priorities today (2020) and in the coming years. Regarding this period of not much more 
than a decade, it is reasonable to assume that the essential characteristics of the relevant insti-
tutional framework remain in place. Therefore, in the context of this analysis, I will interpret 
institutions as essentially exogenously given.58F59 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
59 That said, there will be occasional references of the (long-term) shaping and changes in institutional settings, however, they are not 
empirically analyzed in a systematic way.  
Energy transitions The political economy of improved biomass- versus LPG stoves 
70 
 
Figure 5 depicts the basic features of the analytical framework. The figure in the left part 
illustrates three interrelated policy areas in which more or less formal institutions with rele-
vance for the clean cooking sector exist and indicates the major institutions on the global level 
in these areas. First, the area of poverty reduction and development with the UN’s 2030 
Agenda for Sustainable Development, which should ensure the promotion of an economi-
cally, socially but also environmentally sustainable future. Second, the area of public health, 
in which the efforts to reduce household air pollution are increasingly institutionalized in the 
form of guidelines for indoor air quality and performance standards for cookstoves. Third, 
the field of climate policy, in which international climate agreements, notably the Kyoto Pro-
tocol in 1997 and the Paris Agreement in 2015, have led to international and national emission 
reduction targets and new financing mechanisms.  
Figure 5 Theoretical framework for the analysis of donor priorities 
Source: Author’s own illustration. 
All of these institutions potentially influence development aid in the household energy sector 
by setting (political) norms and standards, but also through economic incentives (see Figure 5). 
How strong the influence of these sets of rules is will depend on how stringent they are and 
on the extent to which they provide economic incentives in favor of a specific technology.  
Of the sector's relevant institutional arrangements, it can be assumed that those in the field 
of climate policy are particularly important, not only for actors with a direct link to climate 
protection, but also for bilateral and multilateral donors. First, they imply binding procedural 
commitments concerning emission reduction efforts and payments and second, they have led 
to the construction of financial mechanisms that are likely to affect donor decisions concerning 
energy access programs. The following section discusses why and through which mechanisms 
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these finance instruments, notably public climate finance and carbon finance, may affect pri-
orities. 
6.2.3  Economic incentives: Climate finance and carbon finance  
Due to the growing links between climate and development policy, notably since the Kyoto 
Protocol, climate-related development finance has increased significantly, both in absolute and 
relative terms: Climate-related bilateral aid reached $ 27 billion in 2017. Its share grew steadily, 
from less than 10 % in 2007/2008 (Tara Shine & Gisela Campillo, 2016: 14) to 20 to 21 % in the 
years 2014-2017 (OECD, 2019: 27). In multilateral finance, climate-related comittments ac-
counted for an estimated 28 % of all commitments, up from 20 % in 2013 (ibid.).59F60  
In the context of international climate change negotiations, climate finance describes finan-
cial flows from developed to developing countries to fund climate change mitigation or adap-
tation activities. Industrialized countries decide on the climate-related support and report it as 
as part of their ODA to the OECD. In the international climate change negotiations, financial 
commitments by developed countries only qualify as climate finance if they represent invest-
ments beyond usual development aid, i.e., they are ‘new and additional’. However, as various 
experts have pointed out (e.g., Michaelowa & Michaelowa, 2007; Stadelmann, Roberts & 
Michaelowa, 2011), a substantial part of the funds reported by the industrialized countries as 
climate finance cannot be regarded as new and additional. This gives rise to concerns that the 
financial resources dedicated to tackling climate change are being diverted from other devel-
opment priorities.  
The reporting on climate aid is also driven by political factors: Michaelowa & Michaelowa 
(2011) show that donor countries over-report the climate relevance of their development ac-
tivities and that aid projects are more likely to be wrongly coded as climate projects if the 
parliament is favorable to climate change action. 
Due to the climate mitigation potential of cleaner and more efficient cooking technologies, 
interventions to promote them may be funded through climate finance. Hence, donor coun-
tries engaged in the promotion of household energy access are likely to provide assistance for 
these activities through climate finance, as they can use restricted public resources to combine 
their climate finance commitments with general development assistance. This in turn can af-
fect allocation decisions for household energy projects (referred to as economic incentives in 
Figure 5). 
Scholars emphasize that climate change mitigation aid should be allocated according to a 
logic that does not follow that of traditional ODA because it is spent on global public goods 
(Bagchi, Castro & Michaelowa, 2016). In this context, Michaelowa & Michaelowa (2007) found 
that aid-financed emission mitigation projects only contribute to the central development ob-
jective of poverty reduction to a limited degree, while other types of projects are expected to 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
60 These are OECD estimates. As there are no internationally agreed methods for tracking climate financing, further accounting and re-
porting practices exist, which has led to conflicting statements on climate financing. See, e.g., Weikmans & Roberts (2019) for a discus-
sion. 
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be much more effective. Overall, the discussion in this strand of literature suggests that inte-
grating development and climate financing can lead to suboptimal solutions from a develop-
ment perspective. 
In the context of climate policy institutions and cooking energy, it is equally important to 
consider carbon finance. I refer to carbon finance as financial mechanisms that are designed to 
reduce climate-impacting emissions by issuing or auctioning a limited number of correspond-
ing emission rights that can be traded on carbon markets. Carbon finance provides a source of 
funds for household energy interventions. Since carbon finance instruments are built around 
the primary goal of offsetting greenhouse gas emissions, the way carbon-offsetting mecha-
nisms for cleaner cooking technologies are designed is likely to incentivize the use of technol-
ogies based on biomass (see economic incentives in Figure 5). The validity of these theoretical 
expectations will be assessed in the empirical part of this study, by investigating the relevance 
and design of climate finance and carbon finance mechanisms in the context of clean cooking 
interventions. 
6.2.4  Governance arrangements and power  
Another important factor to be considered when studying donors’ allocation strategies is the 
influence of individual actors within the organization (see governance arrangements in Figure 5). 
The literature on the political economy of aid demonstrates that the lending patterns and op-
erational characteristics of multilateral development banks and other international finance in-
stitutions are influenced by individual donors (e.g., Dreher, Sturm & Vreeland, 2009; Kilby, 
2006) and that the governance arrangements involved are a relevant mechanism in this context 
(e.g., Humphrey, 2014). 
With regards to bilateral donors, the general literature on public bureaucracies suggests 
that actors within governments have an important influence on political decisions (Kettl, 2009). 
More specifically, regarding decisions on climate finance, Peterson & Skovgaard (2019) high-
light that funding activities through climate finance often implies the involvement of several 
ministries with different priorities in the contributing country. This observation is likely to be 
true for energy-access related activities in general. Peterson & Skovgaard’s research shows that 
ministry involvement affects the selection and allocation of climate finance to recipient coun-
tries. Pickering et al. (2015) studied the role of inter-agency dynamics (especially between de-
velopment, environment and finance ministries). They found that national development agen-
cies maintain substantive control over the implementation of the donor’s climate finance ap-
proach. Nevertheless, the ministries of environment and finance have a significant role to play, 
and frequently have diverging agendas. Important issues on which ministries disagree are the 
distribution (I) between mitigation and adaptation and (II) among geographical regions. While 
development agencies tend to favour higher expenditures for adaptation measures more in 
line with their development objectives, the ministries of environment favour mitigation spend-
ing geared towards achieving environmental protection targets. 
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Hence, regarding donors’ resource allocation to household energy projects, the literature 
discussed here tends to suggest that the involvement of other ministries will reduce the weight 
of health objectives. I expect that this effect is particularly strong if the intervention is funded 
through climate-finance. 
In order to identify key actors, power structures and economic incentives, the empirical 
part of the study will especially focus on examining by whom, and through which channels 
projects in the sector are financed and how these instruments are designed. 
6.2.5  Ideas and Values 
When analyzing how agents act within their structural and institutional context, we also need 
to take into account the role of ideas (e.g., Hay, 2002), which include, amongst others, world 
views, knowledge and learning, prejudices or the interpretation of events or contexts. Ideas 
are important for understanding political outcomes and decisions as they affect how problems 
are understood and solutions are defined and communicated, shape how agents understand 
the world and what they find important and provide motivations and ideals (Béland & Cox, 
2011).  
Figure 5 illustrates the role of ideas in the analytical framework I use to study the clean 
cooking sector: actors in the sector draw on their ideas and interpretations in order to construct 
their interests, i.e., their preferences regarding policy options. Based on these preferences, they 
allocate aid in the sector in a way that is optimal for them, given the constraints set by the 
institutional framework.  
Ideas exist on several levels. Following Schmidt (2008) we can distinguish between ideas 
on the level of (I) policies, (II) programmes and (III) philosophy to analyze how they shape 
donor priorities, whereby ideas on the policy level are guided by those on the programmatic 
and ideological or philosophical level. At the programmatic level, the knowledge within donor 
organizations or their assessment of the relevant context may influence the utility that donors 
expect to derive from different policy options respectively and thus their preferences in this 
respect. At the same time, decision-makers in donor countries and other actors also hold ide-
ological attitudes, or values, (i.e., ideas on the ideological/philosophical level) that affect their 
preferences, e.g., by guiding ideas on the programmatic and policy level.  
I assume that donor priorities with respect to household energy projects are informed 
mainly by the following ideas. On the ideological level – i.e., rather slowly changing ideas that 
are closely linked to people's worldview – I expect notably the importance of climate protec-
tion, the understandings of sustainability, and ideologies and approaches to development co-
operation to play a role. Ideas surrounding the meaning of development and the role of devel-
opment cooperation have evolved over time (e.g., Easterly, 2007; Evans & Stallings, 2016; Thor-
becke, 2008), and aid decisions, e.g., the mainstreaming of climate change into development 
cooperation, may be shaped by the prevalent approach to development (e.g., Gupta, 2009).  
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At the programmatic level, I expect that differences in the assessment of scientific findings 
on the environmental, health and social impacts of clean cooking alternatives will shape pref-
erences for promoting specific technologies. More specifically, the fact that comprehensive 
knowledge about the effectiveness of different alternatives in terms of reduced indoor air pol-
lution and climate-warming pollutants has become available rather recently may be a potential 
explanation for the continued focus on IBCs. In addition, the opportunities and barriers asso-
ciated with the implementation of clean cooking interventions in a specific (country) context 
may be assessed differently, leading to diverging views on its prospects. 
While this analysis focuses on the direct link between ideas and the priorities of donor 
countries, institutions (rules) and the various structures within the sector that constrain a do-
nor’s strategy are – in the long term – shaped, underpinned, interpreted or changed through 
their interaction with ideas. Bilateral donors and other actors may for example attempt to 
shape the formation and transformation of institutions like international climate agreements 
according to their attitudes, by exercising their voting rights as members of international or-
ganizations. Figure 5 illustrates this mechanism with dashed lines, but it is not the focus of this 
work. 
6.3 Empirical analysis of the clean cooking sector 
Chapter 5 traced how the clean cooking sector developed over time, reflecting the prevailing 
perceptions of the subject. The historical outline also described the emergence of key institu-
tions and governance arrangements in the sector. In the empirical part of this chapter, our 
focus is on how the current design of these institutions and other framework conditions shapes 
donor priorities in the sector, in their interplay with the other elements of the analytical frame-
work. 
The empirical analysis therefore starts out with examining the sector’s key institutions and 
governance arrangements in detail, to understand how they can limit or enable decisions of 
central actors, and incentivize specific actions (6.3.1). An important complement to this is the 
investigation of the financing structure of the sector (6.3.2). Identifying from which sources 
and through which channels funding for clean cooking projects is provided and which gov-
ernance structures shape the decision-making processes behind it, offers information about 
the key donors, i.e., powerful actors in the sector and their current priorities, as well as on the 
relevance of different financial instruments. By examining how financial instruments are struc-
tured, we also understand the (economic) incentives they provide for action. The first part of 
the empirical analysis concludes with an overview of the actors in these groups with their 
respective mandates, and combines the findings of the previous sections to explain priorities 
in the sector (6.3.3). 
The second part complements and validates these findings by information from self-col-
lected data on actual resource allocations, on views that representatives of key organizations 
in the sector hold regarding the clean cooking issue, and on the beliefs and values underpin-
ning these views (6.3.4). 
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6.3.1  The role of institutions  
The analytical framework outlined three main policy domains that address the problems as-
sociated with traditional cooking from their respective perspectives, yet with significant over-
laps: global public health, climate/environment, and the aid sector. As traced in Chapter 5, 
international coordination in all of these domains has evolved considerably after 2010, result-
ing in new transnational networks and initiatives, objectives that are more stringent, poten-
tially stronger instruments, clearer definitions and increasingly standardized measurement 
methods for evaluating target achievement. Thereby, some institutions and governance struc-
tures were created that explicitly refer to clean cooking promotion. Others, particularly those 
related to climate change mitigation, developed independently as general objectives and 
standards in the area. They may be equally relevant to the clean cooking sector though.  
Sustainable development and energy access  
In 2011, the recognition of the need to act on energy poverty in a coordinated manner within 
the UN system led to the launch of the SEforALL initiative (see 5.5). SEforALL aims to achieve 
universal access to modern energy services (including electricity and clean cooking equip-
ment), doubling the global rate of improvement in energy efficiency, and doubling the share 
of renewable energy in the global energy mix. The initiative can be best described as a global 
platform that aims to bring together a large number of partners (governments, the private sec-
tor, and development banks among others) in order to catalyze action on sustainable energy. 
An important channel through which SEforALL implements its initiative in Africa is known 
as the country action process, which involves a series of steps by national governments sup-
ported by SEforALL partners: the steps range from the assessment of existing conditions over 
the definition of National Action Agendas (long-term objectives) to the promotion of invest-
ment opportunities (SEforALL, 2018). Essentially all national action agendas formulate targets 
for both a substantial increase in clean cooking fuel (in particular LPG) use as well as in im-
proved biomass stoves.3F60F61 
The SEforALL goals link closely to the Paris Climate Agreement and the SDGs (see 
also  5.5), whereby the SDG 7 targets essentially mirror the SEforALL goals.4F61F62 5F62F63 The indicator 
used to track progress towards the energy access target (SDG 7.1) related to cooking is the 
“proportion of population with primary reliance on clean fuels and technology” (UN, 2020). 
For that purpose, clean is defined by emission targets and fuel recommendations according to 
the WHO guidelines for indoor air quality (WHO, 2014) that focus on reducing the level of 
pollutants as much as possible. Similar to performance targets for stoves discussed subse-
quently, such definitions could raise donor awareness of the cleanest fuels and technologies. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
61 See Action Agendas for different countries here: https://www.se4all-africa.org/seforall-in-africa/country-actions/action-agenda/ 
62 Except for the renewable energy share where SDG 7 calls for a vaguer “substantial increase” rather than a “doubling.”   
63 Regarding climate action, in the SDGs, the UNFCCC is acknowledged as the primary forum for negotiating the coordinated response 
to climate change. The associated targets of SDG 13 concentrate on the integration of climate change policies into national strategies, 
policies and planning, awareness-raising and institutional capacity, amongst others. 
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The SDGs and the platform organization SEforALL moreover assume important coordination 
functions and draw attention to the issue of energy access in general, which help mobilizing 
some resources among donors. 
However, they do not involve binding implementation requirements at the national level 
or financing commitments for the states and actors involved. Hence, their influence on the 
decisions of major actors in the sector is limited.  
Global public health  
Given the enormous global health burden of air pollution, public health institutions have been 
concerned with the consequences of residential energy use for air quality for many years 
(Maynard et al., 2017). It was not until 2005, however, that the WHO published separate and 
revised guidelines for indoor air quality (WHO, 2006b) and standards for cookstoves began to 
be discussed at expert meetings. The US environmental protection agency’s Partnership for 
Clean Indoor Air (PCIA) and later the Global Alliance for Clean Cookstoves (in which PCIA 
was integrated) initiated and coordinated the development of such standards within the 
cookstove community. Starting with a consensus on a simple temporary rating system that 
defined tiers of performance in terms of PM2,5 and CO emissions, fuel efficiency, indoor emis-
sions and safety 2011, interim performance guidelines were adopted in the International 
Workshop Agreement by the International Organization for Standardization (ISO) in 2012. 
They were further developed into a final series of ISO standards on harmonized laboratory 
testing protocols, sector-specific vocabulary and voluntary targets for cookstoves and were 
published throughout 2019 (Clean Cooking Alliance, 2019b; ISO, 2019). The targets address 
the following indicators: thermal efficiency, emissions of particulate matter and of carbon 
monoxide, safety and durability. The results of the laboratory tests are evaluated for each in-
dicator along six tiers (or levels), from 0 for open fires or the simplest stoves up to 5 (highest 
performing stoves) (Clean Cooking Alliance, 2019b). In addition, numerous testing centers to 
compare stove qualities have been established across the globe (GACC, 2017; Putti et al., 2015). 
The development of performance standards for cooking devices and fuels hence evolved 
along with and was underpinned by the scientific evidence on the subject, which has only 
gradually become available in the public health literature (see 4.1.2). 
Performance standards aim to serve as a guideline for donors, investors, policy-makers, 
cookstove manufacturers and consumers alike. Given that they are now formalized at the 
highest international level, cookstove performance standards provide an important frame of 
reference for the allocation decisions of donors. Especially in the development and deploy-
ment of stoves, access to clean stoves and fuels is now gaining importance compared to tech-
nologies that are only ‘improved’ in one way or another. 
International climate policy  
The Paris Agreement passed in 2015 obliges all states to reduce their greenhouse gas emis-
sions. Parties further agreed to work towards an increased ability to adapt to the negative 
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impacts of climate change, foster climate resilience and promote low greenhouse gas emissions 
development.  
The Agreement imposes a legally binding obligation for all countries to submit their na-
tionally determined contributions (NDCs), i.e., their domestic emission reduction plan, every 
5 years. Industrialized countries are urged to set absolute economy-wide emission reduction 
targets, whereby emission reductions abroad can be taken into account as a partial fulfilment 
of the targets. The attainment of targets cannot be enforced and requires that countries hold 
each other accountable for setting ambitious emission reduction goals and for making strong 
efforts to achieve them. However, the commitment of states to submit their NDCs and to pur-
sue domestic mitigation actions by integrating climate change measures into national policies, 
strategies and planning, and reporting on the attainment of targets is legally binding. 
In the run-up to the Paris Agreement, clean cooking was widely discussed as an important 
component of mitigation efforts that also addresses the needs of the poor. Numerous low-
income countries considered cooking with wood fuel or charcoal as a factor for mitigation and 
included its promotion in their NDCs. The provision of support to the installation of improved 
cookstoves in low-income countries was also a relevant instrument for industrialized countries 
to meet a part of their emission reduction commitments, through the Clean Development 
Mechanism (CDM)6F63F64 under the Kyoto Protocol and very likely as part of future collective ar-
rangements between countries under Article 6 of the Paris Agreement. 7F64F65 
International financial institutions, donor countries and national governments have repeat-
edly stated that they aim to make financial flows consistent with a pathway towards low 
greenhouse gas emissions and climate-resilient development. The international climate agree-
ments oblige developed-country parties to support developing countries in their emission re-
duction and adaptation measures. In Paris 2015, parties agreed that greater financial support 
for climate action in developing countries is required. Developed-country parties reaffirmed 
their commitment to jointly mobilize $100 billion yearly by 2020. 
Today there is a complex landscape of international financial flows for climate mitigation 
and adaptation action from industrialized countries to developing countries. Climate finance 
is channeled through the financial mechanisms established under the UNFCCC (e.g., the 
Green Climate Fund), a number of bi- and multilateral climate funds (e.g., the Climate Invest-
ment Fund), development agencies, or the private sector and it comes as ODA, ‘new and ad-
ditional’ public climate finance or in the form of emission reduction certificates through the 
carbon markets. All of these instruments have created improved opportunities to finance pro-
jects in developing countries that aim to reduce emissions and promote sustainable develop-
ment, including by promoting cleaner and more efficient cookstoves.  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
64 The CDM is a project-based mechanism under the Kyoto Protocol (Article 12). Under the CDM, Annex I countries can buy Certified 
Emission Reduction (CER) units from CDM emission reduction projects in developing countries and meet a part of their emission re-
duction commitments under the Kyoto Protocol by doing so (Carbon Trust 2009, 14). 
65 Peru and Switzerland are for instance planning an agreement on Art 6 cooperation with a large-scale cookstove project as a first miti-
gation activity. For more information see: https://www.international.klik.ch/resources/Joint_Statement_by_Peru_and_Switzer-
land_on_Article_6_Cooperation_Paris_.pdf 
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Making financial flows consistent with a pathway towards low greenhouse gas emissions 
moreover implies the reduction or elimination of existing production and consumption subsi-
dies for fossil fuels, with potential implications for donors, as discussed below. 
Fossil fuel subsidy reform as a global norm  
As discussed in Chapter 2, subsidies to the consumption and production of fossil fuels are 
associated with detrimental environmental, economic and social effects. Against this back-
ground, fossil fuel subsidy reform has recently climbed up the climate policy and development 
agenda with international organizations making considerable efforts to push for reductions 
(Rentschler & Bazilian, 2017). Chapter 2.3 traced the emergence of fuel subsidy reform as a 
political norm, with repeated commitments to reform by a range of multilateral conventions 
and with strong support from international organizations like the World Bank, the IMF, the 
IPCC, the UN and the IEA, on behalf of climate mitigation and sustainable development. 
Reiterating from 2.3, the issue fully entered the mainstream development agenda when 
subsidy reform was included in the SDGs, as sub-goal Goal 12.c: 
Rationalise inefficient fossil-fuel subsidies that encourage wasteful consumption, 
[…][while] taking fully into account the specific needs and conditions of developing 
countries and minimizing the possible adverse impacts on their development in a man-
ner that protects the poor and the affected communities. (United Nations, 2015, p.19) 
This wording reflects a balanced view that highlights the importance of fossil fuel subsidy 
reform in mitigating climate change while taking into account the needs of low-income coun-
tries. In the case of LPG, targeted consumption subsidies for poor households who cannot 
afford it otherwise have quite different implications than other fossil fuel subsidies do, from a 
development, but also environmental perspective. 
In terms of support for low-income countries to remove energy subsidies, the efforts of the 
donor community were essentially limited to the provision of analytical work in support of 
international diplomatic efforts (McCulloch, 2017) (see also 2.3). Yet, the national climate strat-
egies of bilateral donors and their repeated calls to eliminate global fossil fuel subsidies raise 
expectations for policy coherence, such that development cooperation action takes account of 
and supports these objectives on the national level. Hence, for donor countries, differentiating 
between ‘good’ and ‘bad’ fuel subsidies and supporting the first while reiterating calls to elim-
inate the second is a political balancing act that their governments may not desire attempting. 
Therefore, while LPG subsidies are not generally incompatible with the SDGs, actively provid-
ing support to its widespread use as a clean cooking technology is a strategy that donors are 
likely to find difficult to justify politically, since LPG is a fossil fuel. We will be able to scruti-
nize the validity of these statements using the data from the expert survey and the interviews 
in 6.3.4. 
Hence, the institutions of international climate policy have a strong potential for shaping 
the allocation of international support to promote residential energy access in low-income 
countries through multiple mechanisms. First, politically, since development policy is ex-
pected to support the emission reduction targets to be achieved domestically and abroad, and 
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should be consistent both with political norms like fuel subsidy reductions and with the public 
interest. Second, economically, because the instruments of climate-related finance may pro-
vide constraints and incentives to invest in certain projects. The analysis thereof constitutes a 
part of the following section. In that section, the financing structure of the sector is examined 
in more detail. This offers further information about the key donors in the sector and their 
current priorities, as well as the relevance of different financial instruments. By examining how 
these are structured, we also understand the (economic) incentives these instruments provide 
for action.  
Another aspect that will probably be relevant in the context of international climate nego-
tiations, but is not discussed here, is the increased focus on net zero emissions. It will make it 
difficult to justify major investments in activities that lead to low but not zero emissions. In the 
area of household energy, only approaches based on renewable energies such as solar 
cookstoves would then be viable. 
6.3.2  Financing structure: key sources and incentives 
Finance for residential clean cooking contributes important information on who provides sup-
port, through which instruments and channels and for what type of uses and activities (the 
latter is discussed in section 6.3.4). Programs to promote access to clean cooking technologies 
and fuels have been financed through a number of public and private sources in the past. The 
consolidation of data on clean cooking finance transactions is extremely challenging, though. 
The best available analysis is provided by SEforALL based on data on financial flows to resi-
dential clean cooking. The reporting is focused on 20 countries in which nearly 80 % of those 
individuals without access to clean energy live, so-called high-impact countries (SEforALL & 
CPI, 2019). The analysis uses project-level data from the OECD Development Assistance Com-
mittee (DAC) Creditor Reporting System, the Alliance’s self-collected data (from its members) 
on financing raised from cookstove and fuel companies, data from the World Bank Group, the 
IJ Global data source, and surveys among impact investors and philanthropic foundations. 
However, through SEforALL’s tracking exercise, a number of important data gaps were iden-
tified, which puts limits on the reliability of the analysis. 11F65F66 The total of trackable finance varies 
strongly across the years, namely between $32 and $117 million (2015-16) in the high-impact 
countries. The amount actually spent is certainly higher, particularly if national government 
spending is considered.12F66F67 However, these are still very small amounts as compared to the es-
timated $4.4 billion of yearly investments required to achieve universal access to clean cooking 
by 2030 (SEforALL & CPI, 2018: 51). This confirms that the clean cooking sector still largely 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
66 For instance, the available information on large transactions for LPG storage and filling plants is limited, as these transactions are typi-
cally made upstream. Moreover, carbon finance transactions are not explicitly expressed in the collected data. Therefore, it is very 
likely that the data covers them only partially or not at all. Domestic public finance and “south-south” financing are further data 
sources for which major data gaps exist and consequently, these dimensions are likely to be underrepresented in the analysis, see 
SEforALL & CPI (2018: 39). 
67 To put these investments into perspective: Between 2016 and 2019, India’s government already spent at least $1.8 billion (1600 Indian 
Rupees for 80 million households) on the “Pradhan Mantri Ujjwala Yojana” (PMUY) program. PMUY aims to provide  widespread 
access to LPG by providing a one-time subsidy and an optional loan to cover the initial upfront costs. See Chapter 7 and 
http://www.pmujjwalayojana.com/ for more information.  
Energy transitions The political economy of improved biomass- versus LPG stoves 
80 
 
lacks the major investments needed to scale-up clean cooking programs (IEA et al., 2019: 56; 
SEforALL & CPI, 2019). For the time being, cookstove programs hence have to compete for 
very limited resources. 
Finance provided through official development assistance and climate finance 
The SEforALL tracking aims to provide information on the providers of clean cooking finance 
and on what types of assets are financed. Due to the data and methodological complexities 
associated with the analysis of clean cooking, certain sources of finance are not captured well, 
though, particularly domestic public funding and domestic private investments. Therefore, 
the SEforALL report does not allow drawing reliable conclusions on the share that different 
providers contribute to clean cooking finance and on how domestic actors allocate resources 
to different types of assets. 13F67F68 However, international donors and multilaterals including cli-
mate funds are key providers of finance for clean cooking projects. Donor countries hereby 
channel their contributions to clean cooking projects through multi-donor and single-donor 
funds and programs, in particular through EnDev, the Alliance, development banks and 
through climate finance facilities (SEforALL & CPI, 2018). As they provide the lion’s share of 
funds for these major programs, donor countries are key actors in the international efforts to 
promote clean cooking. Apart from public assistance, further financial support comes from 
private foundations.68F69 14F69F 
In view of the importance of climate finance for the clean cooking sector, its instruments 
deserve closer examination. After a few further remarks on public climate finance, the focus 
here is on the carbon markets.  
Public climate finance is becoming increasingly important in global climate governance 
and consequently, global climate finance flows and the commitments of donor countries have 
increased significantly (CPI, 2019). Major climate funds are the Climate Investment Funds 
(CIF), which are administered by the World Bank and implemented in partnership with re-
gional development banks like the African Development Bank (AfDB), the Asian Develop-
ment Bank (ADB) and the Inter-American Development Bank (IDB). A newer, very important 
fund is the Green Climate Fund. Established in 2010 by the UNFCCC, it launched its first re-
source mobilization in 2014. As mentioned above, the international community aims to raise 
at least $100 billion worth of new and additional resources per year and channel them to pro-
jects aiming to lower emissions and increase climate-resilience in low-income countries. The 
financial capacity of the fund, which is to be the main climate-financing instrument in the fu-
ture, has been built up only slowly, however. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
68 The large-scale government programs of India and Indonesia to promote LPG are for instance not represented. 
69 See SEforALL & CPI (2019: 77–78) for a visual portray of providers, channels, uses and other aspects of clean cooking access financing 
in 2017. Note that this work focuses on the situation in development assistance. Private investments and the like are therefore not con-
sidered here.  
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Nonetheless, contributions to public climate financing are increasing. Funding household 
energy projects via climate financing is thus attractive for financially constrained bilateral do-
nors, albeit the relevance of this strategy in practice has to be verified by evidence from the 
expert interviews. The obvious focus of climate financing on low-emission interventions, 
which is further strengthened by the involvement of environmental and other agencies in the 
allocation of funds, increases the likelihood that household energy projects are geared towards 
emission reduction and therefore focus on renewable energies and energy efficient biomass 
technologies such as IBCs or biogas.  
A related, historically important source of financing for clean cooking projects has been 
carbon finance through verified emission reductions (carbon credits). Which role these trans-
actions (of which only few are included in the SEforALL tracking) play and how the design of 
carbon market instruments might affect the sector, is discussed below. 
Carbon finance  
Relevance of carbon finance as a funding source 
Both the official regime under the Kyoto Protocol’s CDM and voluntary carbon market 
schemes have played important roles in providing startup capital for clean cooking projects 
from 2007 onwards (UNFCCC, 2007).15F70F70 Under the CDM, even though project development 
activity has increased over the years, project registrations and credits issued have been limited. 
Therefore, IBC carbon offset projects do as yet not constitute a relevant fraction of the overall 
volume of credits generated by individual project activities (Bailis et al., 2017). This is different 
in the case of Program of Activities (PoA) which allow the bundling of many small activities. 
In this category, which became operational after 2010, IBC activities represent a significant 
share. This is surprising given that the prices for CDM credits fell from 11 euros in 2011 to 
0.3 euros in 2013, but can be explained by the interest of large corporations in voluntary offsets, 
and the willingness of several European sovereigns and the World Bank to purchase such 
credits at a significant premium.  
In a similar tendency, in the voluntary market, carbon credits from biomass cookstove pro-
jects accounted for almost 10 % of the total transaction value between 2007-2014 (Hamrick & 
Gallant, 2017; Hamrick & Goldstein, 2016). Later, during 2015 and 2016, even in the depressed 
carbon markets, cookstove distribution remained one of the top transaction types (Hamrick & 
Gallant, 2017). The comparably high prices reflect the fact that IBCs are a very attractive choice 
for buyers of emission reduction certificates on voluntary markets. Cookstove projects are 
fashionable among buyers, even in low phases of the carbon market. They are straightforward 
to understand, easy to communicate, they target the poorest and the technology they promote 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
70 While the CDM is a compliance scheme that requires national approval from the project participants and involves a registration and 
verification process run by the UNFCCC, in the voluntary carbon market, emission reductions are calculated and certified in accord-
ance with several industry-created standards such as The Gold Standard, the American Carbon Registry, and the Verified Carbon 
Standard (VCS). 
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is appropriate (as they aim at improving energy efficiency and do not promote industrial gases 
or similar fuels). 
In financing cookstove projects, carbon credits play a central role. In 2013 for example, 36 % 
(i.e., the largest proportion) of the financial ressources for cookstove projects came from carbon 
finance, according to the Clean Cooking Alliance (UNFCCC, 2014).71F71 
Overall, we can summarize the funding for clean cooking interventions as follows. First, 
the projects in the sector are competing for very scarce overall resources and, second, carbon 
markets and climate finance are relevant drivers of technology choices in project planning be-
cause they play an important role in project financing. The fact that these instruments are built 
around the primary goal of emission reduction increases the benefit of IBCs from a donor per-
spective. 
This situation may partly explain the popularity of IBC projects. Yet one may still expect 
to observe a significantly higher and growing number of LPG projects that receive funding 
through emission reduction credits in view of its overall benefits as a replacement of tradi-
tional biomass stoves in certain settings. The reason for this is that major climate financing 
mechanisms also pursue development objectives. Notably the CDM, being one of the most 
important mechanisms in the recent past, has two main goals. One, to promote sustainable 
development in developing countries and two, to support industrialized countries in achiev-
ing their reduction targets for greenhouse gas emissions. Switching from traditional cooking 
with partly non-sustainably harvested biomass, charcoal or coal to LPG contributes signifi-
cantly to both goals as it generates emission reductions as well as substantial co-benefits, es-
pecially regarding public health and gender equality (even though these are positive side ef-
fects that would not affect whether the project passes the assessment of climate change miti-
gation additionality).  
Against this background, the question why there are not more LPG projects financed by 
carbon credits is adressed in the following section, by examining under which circumstances 
emission reductions resulting from a switch from non-renewable biomass to LPG can be used 
to obtain emission reduction credits. 
It is worth noting that the future of the market-based instruments in the UNFCCC frame-
work is uncertain. This year (2020), the Paris Agreement was supposed to fully replace the 
Kyoto Protocol. Both the CDM and the Joint implementation mechanism under the Kyoto Pro-
tocol are hence to be replaced by Article 6 of the Paris Convention, which lays the foundation 
for a new generation of market mechanisms. These are designed to provide countries with 
cost-effective solutions for achieving their reduction targets. However, the details of Article 6 
have not yet been agreed and the future of registered CDM projects is still under negotiation. 
Against this background, the discussion of the design of currently applicable instruments is 
mainly relevant for an understanding of developments in the recent past. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
71 The more recent SEforALL tracking only includes data from a few publicly funded projects when it comes to carbon finance and there-
fore does not allow drawing conclusions on the relevance of carbon finance for clean cooking projects.  
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Carbon finance for IBC and LPG project funding: Accounting issues 
For an organization (a project developer) to be able to measure and certify the emission reduc-
tions of a project, it must adhere to the calculations and procedures prescribed by an applicable 
methodology for quantifying and monitoring greenhouse gas emissions. The leading carbon 
market certification schemes providing such methodologies are the following: First, the CDM, 
which provides Certified Emission Reductions (CER), a standardized emission offset instru-
ment for compliance (Kyoto) markets. Second, the Gold Standard, providing methodologies 
for carbon credit labels with high quality in compliance markets as well as voluntary markets.  
In the following, I examine the methodologies that form the basis of these two standards 
regarding the potential barriers and opportunities they provide to fund LPG projects as com-
pared to IBC projects. While these methodologies differ in many respects, such as in terms of 
applicability criteria or baseline assessment (see The Gold Standard, 2016 for an overview), I 
focus on key elements that are relevant in the context mentioned above.  
In the compliance market, the main methodology available for small-scale projects that 
relate to households and use a stove technology, which leads to emissions savings from the 
reduction or replacement of non-renewable biomass for heating and cooking purposes, is AMS 
II.G. (Lee et al., 2014: 55).16F72F72 It applies when a cookstove with improved efficiency is introduced 
to lower the consumption of non-renewable biomass (NRB) and allows biomass stoves using 
firewood, but also charcoal and biomass fuel mixes (UNFCCC, 2017b: AMS-II.G.). Fuel switch 
projects, which involve moving from NRB to fossil fuels like LPG or coal, are not eligible for 
carbon credits under the AMS-II.G. methodology (UNFCCC, 2017a). Interestingly, UNFCCC 
documentation suggests that there have been internal discussions about developing a new 
methodology that allows switching from NRB to LPG17F73F73, however apparently no concrete ac-
tions have resulted from these discussions. 
The Gold Standard Foundation has developed its own methodology for projects that re-
duce or displace GHG emissions caused by thermal energy consumption through households 
or non-domestic facilities. It is called the ‘Technologies and Practices to Displace Decentralized 
Thermal Energy Consumption’ (TPDDTEC) methodology (The Gold Standard, 2015).18F74F74 The 
TPDDTEC methodology can be used in the voluntary market only and allows for a wide range 
of project types. A shift from NRB to LPG is eligible for carbon credits. However, the criteria 
used to quantify reductions of climate-warming pollutants from replacing NRB by LPG are set 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
72 These methodologies can be used for projects applying for CDM and/or Gold Standard certification for carbon finance. A further 
available methodology, AMS I.E., applies only to cases in which a renewable technology like solar or biogas replaces the uses of non-
renewable biomass UNFCCC (2017b): AMS-I.E. This methodology (for which a switch to LPG is obviously not eligible) is only em-
ployed by few projects and will not be further discussed here. 
73 In a concept note to the Executive Board of the CDM in August 2017, a mandated Small-Scale Working Group analyzed the potential 
inclusion of measures for shifting from non-renewable biomass (NRB) to low-carbon-intensive fossil fuels such as liquefied petroleum 
gas (LPG) in AMS-I.E and AMS-II.G. UNFCCC (2017a). In recognition of the evidence on the climate impact of LPG as compared to a 
range of alternative stove/fuel combinations Grieshop, Marshall & Kandlikar (2011); Cashman et al. (2016); Bruce, Aunan & Rehfuess 
(2017), the working group recommends developing a new methodology which allows switching from NRB to LPG.  
74 Furthermore, there is also the so-called “Simplified methodology for efficient cookstoves” or under the Gold Standard, however it 
applies only to projects involving firewood cookstoves or projects switching from non-renewable to renewable firewood (The Gold 
Standard 2015) and is hence not further discussed.   
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in a way that leads to a substantial underestimation of emission reductions for the following 
two reasons. 
First, the emission factor of NRB that is replaced was underestimated before 2015 and to 
some extent continues to be undervalued: As described above, there is no perfect combustion 
of biomass or charcoal in traditional stoves, that is, not all carbon in the biomass will be con-
verted to CO2, resulting in high emissions of products of incomplete combustions. For the cal-
culation of baseline emissions, until 2015 the Gold Standard protocol accounted only for the 
so-called ‘Kyoto Gases’ (CO2 from NRB and methane) and nitrous oxide by including a fixed 
emission factor for these pollutants. Hence, during the major part of the period during which 
carbon offsetting was possible, further climate forcing pollutants such as other non-methane 
hydrocarbons or black carbon were excluded.  
As discussed in 4.1.1, residential cooking and heating is the largest contributor to black 
carbon emissions (Aamaas et al., 2018). Including black carbon in the calculations hence re-
flects climate-relevant stove emissions better75F75 – let alone the co-benefits of reduced air pollu-
tion – and leads to substantial increases in the number of credits calculated (Freeman & 
Zerriffi, 2014). This applies for improved and clean cooking solutions in general, but particu-
larly in the case of the very efficient combustion of LPG.  
In 2015, the Gold Standard published a methodology to quantify and calculate emission 
reductions from black carbon and other co-emitted species such as organic carbon, CO and 
non-methane volatile organic carbons and sulfates. The methodology is, among others, appli-
cable for project activities that introduce efficient cookstove technologies. However, LPG pro-
jects only benefit from this change to a very limited degree due to the following second con-
straint. Generally, one can distinguish between emission reductions from improved combus-
tion efficiency and reductions from a lower carbon content of the fuel. Project activities that 
involve fossil fuel switching are only eligible for emission reductions related to end use energy 
efficiency improvements (The Gold Standard, 2016: 9). The emission reductions related to the 
difference in the carbon content between a non-renewable fuel and a less carbon-intensive 
non-renewable fuel used for substitution are not eligible, however. 76F 76 The LPG projects in 
Burkina Faso and Darfur, for instance, promote the use of LPG stoves to displace traditional 
firewood and charcoal stoves. LPG does not only have a substantially higher thermal efficiency 
than firewood or charcoal, it is also less carbon-intensive than both fuels. To meet the eligibility 
criteria, only the emission reduction associated to energy efficiency gains are accounted for in 
these projects (e.g., Carbon Clear, 2013). 
To summarize so far, the previous ignorance of products of incomplete combustion under 
the Gold Standard protocol has led to an absolute underestimation of offsets that can theoret-
ically be achieved by displacing or reducing solid biomass use through IBCs and LPG. In ad-
dition, the change in 2015 caused a bias in the carbon market in the sense that while (in the 
voluntary carbon market) it partly corrected for the underestimation of IBC offsets, it did so to 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
75 See 4.1.1 for the scientific debate on the climate effect of black carbon. 
76 The reasons behind the Gold Standard’s approach to this are discussed in more detail in Chapter 6.3.4 (“The role of carbon markets”). 
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a far lesser extent for LPG, since in the case of a fuel switch to a fossil fuel, the comparatively 
lower emission factor of LPG cannot be accounted for. Consequently, at given upfront and 
refilling costs for cooking with LPG, the funding generated from carbon credits that could be 
used to partially cover these costs is much lower than under a methodology that applies the 
same rules to IBCs and LPG.  
In addition to these barriers for the accreditation of LPG project methodologies, there are 
further issues associated with carbon offsetting through IBC programs. In particular, a number 
of studies have shown that there is a high risk that these interventions fail to deliver the ex-
pected emission reductions. First, fuel savings are lower in real-life conditions due to technol-
ogy performance in the field and fuel stacking (Aung et al., 2016). Hence, lower emission re-
ductions of IBCs under real-life conditions lead to a further disadvantage for LPG, as the per-
formance of LPG stoves is robust across conditions (Shen et al., 2018). Second, about 80 % of 
the wood fuel projects implemented under the carbon-offsetting mechanisms likely overesti-
mate the mitigation potential of their activities since they apply excessively negative assump-
tions about the share of sustainably harvested wood fuel: Bailis et al. (2017) estimate that actual 
emission reductions are between 41 and 59 % lower than expected. However, these assump-
tions apply to both IBC and LPG projects and hence do not lead to a disadvantage of LPG 
projects as compared to IBC projects. 
To conclude this section on climate-related instruments, it can be said that the way carbon-
offsetting mechanisms for cleaner cooking technologies are currently designed incentivizes 
the use of these mechanisms to fund improved biomass cookstoves, while for LPG, important 
barriers continue to exist. These unequal financing possibilities through the carbon markets 
could play a relevant role in explaining why, unlike IBC projects, hardly any LPG projects are 
implemented (by non-governmental organizations and others) today. Which factors are un-
derlying the current selection and design of methodologies, and whether the limited financing 
possibilities through carbon finance are actually relevant for LPG projects will be further dis-
cussed in 6.3.4 using evidence from the survey and personal interviews.  
Beforehand, in a synthesis, the following section provides an overview of actor groups in 
the sector with their respective mandates and combines it with findings from the previous 
sections to explain priorities in the sector. The focus of the synthesis is on (bilateral) donors, as 
they dominate the sector through their resource allocation and could in principle promote both 
IBCs and LPG. The self-collected data presented thereafter will provide information on 
whether these priorities can actually be observed in reality. 
6.3.3  Actors, mandates and interests 
As we have already seen from the historical outline in Chapter 5, there is a large number of 
organizations engaged in the clean cooking sector. Few of them are dedicated exclusively to 
the promotion of alternative cooking technologies, e.g., through analytical work, coordination, 
advocacy, and other sector development activities. In addition, a large number of organiza-
tions address the issue from their own perspective. They can be roughly grouped into the three 
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(overlapping) policy domains of health, climate/environment and development/poverty re-
duction.  
Table 3 gives an overview of the groups of actors and the options that correspond to their 
interests according to the political-economic analysis. To begin with, there are organizations 
which are mainly interested in reducing (household) air pollution, since their mandate is to 
promote global health and/or reduce the climate- and health risks from short-lived air pollu-
tants. Key players in this group are the WHO, regional health organizations or organizations 
and NGOs fighting air pollution and short-lived climate pollutants, on the international level 
namely the Climate and Clean Air Coalition (CCAC). They will typically favour LPG over 
IBCs (see Table 3). For many years, these organizations have explicitly supported a stronger 
focus on the cleanest fuels and stoves, for instance through the publication of emission guide-
lines (WHO, 2016), high-level advocacy, standards and testing protocols, and financial support 
to the technologies and fuels that reduce short-lived climate pollutants (CCAC, 2019).  
Then there are organizations with a climate- or environmental focus, namely international 
environmental NGOs and international environmental organizations. Given that LPG is a fos-
sil fuel, a strategy that excludes its promotion and instead prioritizes IBCs is rational. In ac-
complished interventions, environmental organizations appear to have focused on efficient 
stoves, emphasising their positive effects on the environment, especially their reduced wood 
consumption (e.g., WWF, 2014). 
Table 3 Organization types and clean cooking preferences 
Mandate Main organizations Priority consistent with inter-
ests 
Reducing air pollution and its 
risks for health (and climate)  
Health IOs (WHO), CCAC Clean fuels including LPG 




Biomass and renewable energy 
technologies 
Development Development agencies, De-
velopment NGOs, Develop-
ment banks  
Cleaner stoves and fuels, but not 
LPG  
Sector promotion and coordina-
tion 
SEforALL, clean cooking 
organizations 
Clean stoves and fuels including 
LPG 
  
Energy transitions The political economy of improved biomass- versus LPG stoves 
87 
 
Organizations with a general development mandate or interest include international and 
national development NGOs and foundations, national development agencies and develop-
ment banks. These organizations could in principle promote both IBCs and LPG. From a pov-
erty reduction perspective, the integrated possibilities of advancing sustainable development 
by promoting clean cooking alternatives would need to be considered, including their climate- 
and health benefits, and beyond that, the promotion of the local economy, gender equality and 
other social benefits. Aid organizations do not deploy their resources simply based on purely 
technical criteria. Their decisions are guided by, amongst other factors, the preferences of their 
donors, political norms and economic incentives that are in turn shaped by the institutions in 
the sector. In this context, the analysis in this chapter suggests the following:  
One the one hand, there is some pressure on donors to comply with the new performance 
standards for cleaner cooking technologies by increasingly supporting the cleanest fuels and 
technologies. Yet, these standards are primarily of an informative nature and there is no obli-
gation to choose the best-performing devices in terms of reducing health-damaging emissions. 
Financial incentives have a stronger influence. Bilateral donors have restricted means; hence, 
it is rational to provide support to residential energy-access projects through climate finance, 
carbon finance or other budget lines tied to climate goals or the promotion of renewables. This 
allows using restricted public funds in the most cost-effective way since they contribute to 
commitments and targets in the areas of development and climate action at the same time. 
Climate finance and carbon finance instruments are built around the primary goal of climate 
change mitigation. Therefore, it is very attractive for bilateral donors to allocate their resources 
to projects promoting technologies based on renewable energy sources, while supporting LPG 
would require higher total expenses, as no other budget line – such as for climate finance or 
the promotion of renewables – can be used to promote it. Ministry-involvement, and the aim 
for a promotion strategy that is consistent with national and international political norms for 
climate action and the public interest (including the support of “charismatic carbon projects” 
(Lehmann, 2019)), e.g., through the promotion of renewables and the elimination of fossil fuel 
subsidies, further underpin the rationale for this strategy. Therefore, the political arguments 
against promoting LPG, a fossil fuel, in development interventions are strong.  
Finally, there are organizations that are specifically devoted to the development of the 
clean cooking sector such as the international and national clean cooking alliances, and the 
Global LPG Partnership. When allocating their resources, they need to pay attention to the 
international norms in the sector, which put an emphasis on high-performing appliances con-
cerning pollution reduction. At the same time, these broadly based organizations with coordi-
native functions are highly dependent on their main donors and the preferences of the mem-
bers in their governing boards.  
Overall, this part of the empirical analysis based on literature and reports suggests that 
while there is a distinct trend in the sector towards high-performance appliances, it is politi-
cally and economically not rational for the major donors to choose a strategy that prioritizes 
LPG. Different institutions structure the norms and incentives influencing donor priorities, 
those related to international climate policy being the most powerful in this respect. However, 
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the orientations and, relatedly, the different target audiences of the different organizations, 
should lead to some heterogeneity in the portfolio of projects they promote. 
These findings concerning the role of dominant norms and incentive structures in the sec-
tor need to be validated by triangulating the evidence with more information from alternative 
data sources. In addition, complementary information is required in order to understand 
which ideational and other factors are shaping donors priorities. For instance, an organization 
may be opposed to LPG promotion because its decision makers assess the scientific evidence 
on the impacts of IBCs and LPG differently than others, because LPG is a fossil fuel or simply 
for practical reasons. As outlined in the analytical part, I assume that representatives of key 
organizations in the sector draw on these assumptions, values and ideologies to form their 
preferences and based on these preferences, allocate their resources in a way that best corre-
spondes to their interests, within the framework conditions of the sector.  
The information provided by actors in the sector further offers anecdotal insights into how 
the allocation of multilateral donors and financing instruments is shaped by these institutions' 
governance structures and the power of bilateral donors, and how donor values shape insti-
tutional settings (such as the design of financing instruments) over the long term. 
Finally, more evidence is needed on the actual current and future resource allocation to 
LPG and IBC interventions in the sector in order to test whether the ‘rational’ priorities out-
lined here are actually observed.  
The second part of this empirical analysis therefore provides evidence to address these 
issues using self-collected data, particularly on key actors’ actual and future resource alloca-
tion and on their assessment of cooking alternatives. 
6.3.4  Information on attitudes and the actual allocation of resources  
I collected information on the role of LPG and attitudes towards its promotion through an 
online survey among experts representing key organizations engaged in the field. In deter-
mining the sample for the online survey, I sought to include the most important bilateral and 
multilateral donors and to ensure the highest possible representativeness for the sector. Spe-
cifically, I aimed to ensure that both the diverse perspectives and interests associated with the 
topic and the different activities, such as project implementation, financing or advocacy, are 
each represented by several organizations.  
I received responses from 48 experts, but excluded those from industry and research insti-
tutions, eventually resulting in a sample of 44 responses from 39 organizations.77F77 They essen-
tially mirror the above-mentioned activities in the sector and generally represent well the di-
versity of interests and policy areas associated with the issue of clean cooking. Excluding re-
sponses from the production sector and from researchers (who are primarily public health 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
77 To gain a more in-depth understanding of the sector, I initially contacted a number of representatives from research institutes and the 
industry (LPG industry and IBC producers) in addition to the other types of organizations in the area (see sample frame in Appendix 
D). However, no answer from an IBC producer could be obtained. To avoid any bias and because industry and research do not directly 
influence the design of programmes, I finally chose not to include the answers from these areas in the statistical analysis of the online 
survey. 
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scholars) means that only a few of the strongest proponents of LPG are represented in this 
survey. However, I do not consider this problematic, as in this empirical part of the study, we 
are mainly interested in organizations that (unlike researchers and the industry) have a stake 
in the actual allocation of resources for stove programs. Appendix D provides all methodolog-
ical information, including details on the sample frame, the interviewees and on the procedure 
used to conduct the survey. It also displays the questionnaire. The survey questions were or-
ganized around the following key topics: 
(1) The assessment of empirical evidence on health- and climate-impacts from using LPG 
as compared to improved biomass stoves 
(2) Attitudes towards different factors that may speak in support of or against increased 
LPG promotion. 
(3) The role of LPG as part of the clean cooking activities of the organization in the past, 
today and in the future  
(4) The political viability of a stronger focus on LPG, including donors’ preferences 
(5) Views on increased efforts to promote LPG 
In addition, I conducted eight personal interviews with experts from development banks, 
non-governmental organizations, donor countries and the carbon market to enable a deeper 
understanding of selected processes and relationships, to put statements from the online sur-
vey into perspective and to clarify open questions. Detailed documentation of these interviews 
is provided in Table A 11 (Appendix D). 
In the following, I analyze the responses provided in the online survey, and clarify and 
contextualize them with the help of the personal interviews. I begin by presenting my findings 
on the perceptions and attitudes of the actors (key topics 1 and 2), on the programmatic and 
ideological level. The focus lies on the aspects I identified as relevant with respect to prefer-
ences for certain interventions in the theoretical part. Most notably, how do experts assess the 
relative benefits of the different technologies regarding sustainable development goals such 
as better health, climate protection or social equity? In their view, is it consistent with the con-
cept of sustainable development to promote LPG? Which other barriers for LPG promotion do 
they see?  
I then report the survey's results on the actual resource allocation of key organisations to-
day and in the near future, and on what respondents think of strengthening support for LPG 
overall – including from a political perspective (key topics 3 to 5). In doing so, the objective is 
to obtain an accurate account of how the sector and the general attitudes amongst profession-
als who operate in it are currently evolving.  
Ideas: Values and assumptions regarding the promotion of cleaner cooking alternatives  
What are the values and assumptions on which representatives of key organizations in the 
sector base their policy preferences? How do they assess the findings from scientific studies in 
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the field? The following analysis of survey responses addresses these questions and hereby 
takes reference to key arguments in the debate on the viability of promoting LPG. 
Climate impacts of LPG promotion – transition fuel or carbon lock-in 
LPG is a fossil fuel. The common narrative of LPG proponents is therefore that the ongoing 
focus on biomass stoves by some key actors is mainly driven by their desire to combat climate 
change by promoting renewables (Goldemberg et al., 2018). To determine to what extent this 
narrative conforms to actual views the survey inquired how professionals in the clean cooking 
sector assess the use of LPG as cooking fuel from a climate perspective. 
When asked to judge the scientific knowledge regarding the climate benefits of LPG as a 
replacement for traditional biomass cooking, respondents assessed LPG as performing some-
what better than or similar as IBCs on average.19F78F78 The assessement varies considerably, but 
there are no clear differences between the interest groups, i.e., between the organization types 
oriented towards environment, development and health respectively (see Figure A 1 in Ap-
pendix C). Due to the small number of respondents, the disaggregated results need to be 
treated with caution, though. Interestingly, development organisations (bilateral donors, de-
velopment NGOs and development banks), tends to see LPG as marginally superior. The ma-
jority of respondents’ assessment is hence consistent with the current scientific understanding 
of the climate-related effects of using LPG as cooking fuel as compared to traditional solid 
biomass use.20F 79F79  
Note that the survey question and the scientific evidence on the issue refer primarily to the 
combustion process or the product life cycle of the fuels to be compared. Against this however, 
an increased LPG production could deteriorate the long-term prospects to mitigate climate 
change, as it affects global energy markets, such as the conditions for fossil fuel extraction or 
global energy prices. The survey results and interviews indicate that regarding this broader 
perspective, opinions about promoting LPG as household fuel vary widely between actors 
from different interest groups.  
Figure 6 shows to what extent the respondents agree with the statements that (I) LPG can 
be seen as a transitional solution for clean fuel until electricity and renewable fuels are acces-
sible everywhere, or whether (II) LPG should not be supported because it is a fossil fuel.  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
78 Weighted mean (to correct for multiple responses from individual organizations) = 2.55 on a scale from 1 to 5 (1=much better, 5= 
much worse). For the comparison, respondents were asked to refer to the real-life effectiveness of these options as a replacement for 
traditional biomass cookstoves and the type of improved solid fuel stove most commonly promoted by their organization. 
79 As summarized in 4.1.1, the evidence available today suggests that when short-lived climate pollutants (SLCPs) are considered, the 
use of biomass fuels in terms of climate impact is unfavorable compared to LPG, which burns much more completely. When compared 
to improved biomass stoves, the evidence available so far implies that LPG performs similarly to efficient types of improved biomass 
stoves for net CO2 emissions in contexts in which the wood fuel is harvested partially renewably, and better than IBCs for black carbon 
and other SLCP. 
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Figure 6  Views on LPG as a transition fuel and on rejecting its use as a fossil fuel 
Note: ‘Clean cooking’ stands for clean cooking platform initiatives such as clean cooking alliances and ‘Clean 
cooking LPG’ for responses from the Global LPG partnership. ‘NGO energy’ stands for NGOs, think-thanks or 
social businesses that are specialized on energy and sustainable development (with an energy focus). 
The markers show average approval rates by organization types, grouped according to 
their mandates. On the one hand, many experts see LPG as a viable transitional fuel until elec-
tricity or scalable solutions based on renewables are available everywhere (74 % agree some-
what or strongly).80F80 This applies particularly to respondents from organizations with an inter-
est in health, clean cooking promotion, but also to representatives of development banks, as 
illustrated in Figure 6. Several of them point to different environmental problems caused by 
LPG during personal interviews and consequently emphasize the role of LPG as a bridging 
technology that is to be replaced by electricity in the long term. At the same time, they stress 
that, now, LPG is the only scalable, clean fuel in many contexts. They also suggest that the 
additional climate-warming emissions from households switching to LPG use are very small 
(if any) in the global context and do not carry much weight compared to the enormous benefits 
for human health (interviews P2, P4, P6).  
On the other hand, there is a strong minority (33 %), particularly in environment and cli-
mate organizations, who do not accept the promotion of fossil fuels for household energy so-
lutions and therefore believe that LPG should not be promoted (see Figure 6).81F81 In this context, 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
80 Weighted mean across all respondents = 2.1 on a scale from 1 to 5 (1= strongly agree, 5= strongly disagree). 
81 Average approval across all respondents (weighted mean) to the statement “LPG should not be promoted because it is a fossil fuel” 
was 3.38 on a scale from 1 to 5 (1 = strongly agree, 5 = strongly disagree). 
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a number of arguments is put forward that refer to the relevance of the long-term perspective, 
in particular the fear of carbon lock-in. 
A representative from a social business promoting solid biomass stoves emphasized his 
concerns about increased gas consumption by a large number of people in a personal inter-
view:  
How about the social and environmental issues related to extraction? What about this 
discourse saying natural gas is just, how do they call it, like the secondary products of 
oil and so it is like free. […] And most importantly, what is the trajectory? What do we 
believe is meant to happen for the planet if we are having 3 billion people now using 
gas? What is the trajectory for a country and where does a lock-in situation happen? Is 
it a good transition fuel or will we have lock-in situations? (Interview P5) 
In line with this, a project developer for cookstove interventions financed through emission 
reductions argued that the demand for LPG should not increase but decrease, as a small re-
duction in prices could make the worst kind of fossil fuel extraction – fracking – unprofitable 
(interview P9). From this perspective, all interventions that lead to increased consumption of 
fossil fuels need to be avoided, regardless of the fact that fuels differ in their impact on the 
global climate. 
In this context, those who do approve LPG as a transitional solution tend to see themselves 
as pragmatists. With respect to other donor institutions that do not promote LPG, some believe 
that government officials sometimes take an ideological or idealistic approach to development 
rather than a pragmatic one and take decisions based on “gut feelings” or “controversial feel-
ings triggered by LPG” without much further thought (interviews P3, P4, P6). 
Some respondents did not respond to the questions related to the assessment of scientific 
evidence on the health- and climate benefits of LPG respectively, and some respondents (18 % 
for health, 23 % for climate) stated that they did not know. There is a strong correlation be-
tween the ‘don't know’ answers to both questions. Moreover, the acceptance of stronger efforts 
for LPG promotion is significantly lower among survey participants who state that they do 
not know how LPG compares to IBCs, whereby this relationship applies to both the questions 
on health and on climate benefits. 82F82  
Social benefits and local economy 
In addition to climate protection, social benefits and the stimulation of the local economy – 
e.g., through the local production and maintenance of stoves and timesaving in wood collec-
tion – are common arguments used to motivate clean cooking interventions. Figure 7 summa-
rizes how respondents compare LPG and IBCs with respect to these factors. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
82 Respondents were asked whether they agree that efforts to promote the adoption and use of LPG should be increased (on a scale from 
1 to 5, 1=strongly agree, 5=strongly disagree). As an example, the average score among respondents stating that they don’t know about 
the climate benefits of using LPG vs. IBC was 3.44, and 2.17 among the others (p =0.01 in two-sided t-test).  
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Figure 7 Views on LPG vs. IBCs concerning social benefits and the local economy 
 
Note: Average approval (weighted mean) for statement on social benefits = 2.01. Average approval 
(weighted mean) for statement on local economy = 2.78. ‘Clean cooking’ stands for clean cooking platform 
initiatives such as clean cooking alliances and ‘Clean cooking LPG’ for responses from the Global LPG part-
nership. ‘NGO energy’ stands for NGOs, think-thanks or social businesses that are specialized on energy 
and sustainable development (with an energy focus). 
The views are most apparent in the area of social impacts. A majority of the experts (70 %) 
believe that due to the large timesaving potential, cooking with LPG allows for higher social 
benefits than IBCs, in particular for women. Only energy-related NGOs, which are on average 
indifferent, represent an exception to the consensus. 
Regarding the local economy, views vary widely, there being much weaker general agree-
ment on this point than on timesaving potential. Organizations with an environmental interest 
tend to believe that IBCs are better for the local economy, while this view receives somewhat 
less support among development NGOs. Bilateral donors and clean-cooking initiatives do not 
have strong views on this aspect, while development banks, health-focused (including aca-
demic) organizations and LPG organizations disagree.  
The experts were also asked for their assessment as to which technology would probably 
best suit the preferences of the households concerned. Somewhat surprisingly, the largest frac-
tion of respondents (48 %) was not sure whether LPG corresponds better to household prefer-
ences or not, whereas some agree, and some (slightly fewer) disagree. These results may be an 
indication that some program implementers and donors are not very well informed about the 
kind of appliances and fuels energy-poor households prefer using when given the opportunity 
to choose. Recent field research from India, for instance, suggests that households across all 
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communities choose the cleanest cooking solutions (LPG and induction) if given a choice 
(Menghwani et al., 2019). 
The arguments discussed so far already relate to the various aspects of sustainable devel-
opment. Yet what about the concept of sustainable development itself – is promoting LPG 
consistent with the prevailing understanding of sustainable development in the sector? 
Compatibility with sustainable development 
Two thirds of surveyed experts are of the opinion that promoting LPG is consistent with the 
Sustainable Development Goals, while only 18 % disagree. The strongest proponents of SDG-
conformability are those with a mandate to promote health or the (non-profit) promotion of 
LPG, but also organizations that promote clean cooking in general and development banks. 
Yet, even though only few respondents feel that promoting LPG does not conform to the idea 
of the SDGs, more than one third believes that IBCs are a better way to put the integrative idea 
of sustainable development into practice. This view is strongest among representatives of en-
vironmental, energy and climate NGOs. Across all respondents, opinions vary widely, though, 
as 35 % disagree. This number is driven by responses from health-focused organizations, NGO 
representatives promoting LPG and development banks (see Figure A 2 in Appendix C).  
Health benefits and poverty 
The respondents were also asked to assess the scientific knowledge regarding the health ben-
efits of LPG as compared to improved solid fuel stoves as a replacement for traditional bio-
mass cooking. On average, respondents consider LPG clearly superior to improved stoves in 
terms of health benefits, as 84 % believe that the health benefits from LPG are somewhat or 
much better than IBCs, but only 3 % think it is somewhat worse.83F83 Figure A 1 in Appendix C 
shows differences across interest groups. A very similar further question supports the general 
findings regarding the experts’ views on health impacts: 70 % expressed agreement that im-
proved solid biomass stoves do not yield sufficient benefits for health, while 18 % disagreed. 
Respondents who disapprove of this statement mainly belong to general clean cooking organ-
izations and environmental NGOs. 
Regarding the assessments of health benefits of different cooking technologies, section 6.3.1 
described how standards to evaluate the performance of cooking devices and fuels have 
evolved over time and are now formalized at the highest international level. Insights from the 
personal interviews lend support to the expectation that these standards have become increas-
ingly important guidelines for stakeholders and that they tend to give greater weight to the 
cleanest technologies such as electricity, LPG or biogas. 
This is reflected on the one hand in the fact that important actors in the sector, such as the 
World Bank or EnDev, have adopted result-based financing approaches: Depending on the 
clean cooking performance, financial incentives are provided for the private sector to deliver 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
83 Average assessment of LPG as compared to IBCs was 1.7 (weighted mean) on a scale from 1 to 5 (1= LPG is much better, 5 = IBCs are 
much better), see Figure A 1 in Appendix C for details. 
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clean cooking services (interview P1). On the other hand, proponents of IBCs criticize the de-
sign of the standards with regard to health-related emission reductions and advocate adjust-
ments in favour of IBCs, as the following examples illustrate.  
A representative from a social business promoting IBCs argues that assessments of health 
benefits of different cooking technologies are based on assumptions and emission standards 
that often do not correspond to the use of the appliances in reality and are therefore distorted. 
In particular, he argued that fuel stacking with very irregular use of LPG will remain a reality 
for the poorest and hence, in this more complex comparison system, IBCs may reduce emis-
sions more effectively than a combination of traditional cooking and LPG (interview P5). 22F84F84 In 
this context, proponents of IBCs tend to criticize the increasing focus on clean fuels, whereby 
they would also question the word ‘clean’ itself. A prominent expression of this criticism was 
the ‘Wexford declaration’ in May 2019, in which a large number of supporters of more efficient 
biomass cookers called for sector-wide discussion and a new, ‘technology-neutral’ definition 
of the sustainable energy indicators (International Pathways to Clean Cooking conference, 
2019). 
These observations suggest that many IBC proponents see formalized standards to assess 
the performance of cooking devices as a threat to the proliferation of IBCs. Although health 
concerns appear to be an increasingly important driver of current efforts to promote clean 
cooking, even those experts who advocate ambitious performance standards point out that the 
situation of affected households needs to be assessed holistically. In particular, the affordabil-
ity of energy services needs to be taken into account. In this context, 62 % of the professionals 
believe that when relying on LPG, households become subject to the interests of international 
corporations and to highly volatile energy prices. These concerns are most strongly voiced by 
development and environmental NGOs (see Figure A 3 in Appendix C).  
A high-level staff member of the World Bank's clean cooking program also emphasizes 
that higher LPG consumption may undermine household energy security: 
 […] it's not that health is the only objective of any energy policy. It is a very important 
dimension […] from a household perspective, […] increasing the knowledge that smoke 
is bad for health will help them [the members of the household] to make a better deci-
sion. That does not mean that they need to spend more than 10 % of their income on 
fuel. Because you are pushing them into energy poverty. The poorer the household, the 
more sensitive to the costs or the price. Because if you have limited budget how do you 
prioritize […] So it always has to be a balanced approach. (Interview P1, amendments 
in parentheses are by the author). 
Barriers to scale-up 
The issue of affordability as an important argument in the discussion has already been touched 
upon above. Such practical challenges are regularly used as arguments in the debate on alter-
native clean cooking technologies and were therefore addressed in the survey and personal 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
84 Further critiques refer, for instance, to the tests for emission reductions which are based on one-pot-stoves while households often use 
two-pot stoves. 
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interviews. In the analysis of the personal interviews, the focus is on the contributions of the 
relevant national and international actors and their interaction, and especially on financing 
aspects.23F85F85 
Almost two thirds of the survey respondents believe that the barriers to scale up LPG, espe-
cially regarding affordability and availability, may be too high. Representatives from NGOs 
and some bilateral donors are particularly prone to this view. Among development banks, 
clean-cooking initiatives, and health-focused organizations, the barriers are seen as less unsur-
mountable and professionals promoting LPG in a non-profit organization strongly disagree 
(see  Figure A 3  in Appendix C). 
Nevertheless, there is general agreement that LPG often remains unaffordable and inac-
cessible for many households, despite promotion efforts. Experts from development banks 
and GLPG emphasize the need to further accompany measures (interviews P1, P2, P3, P6). An 
IDB expert for instance points out that 
 […] one problem is that it is easier in general for development institutions to give away 
a device such as a stove, but with LPG you need to provide support to access the fuel, 
namely you need to accompany a project during several years in order to ensure that 
there is a delivery model that enables people to continue using that. And this is more 
complex, of course. (Interview P2). 
As the expert points out, implementing such measures is complex and associated with 
problems. In particular, while LPG subsidies can address affordability issues, universal price 
subsidies are disapproved, given their well-known environmental, social and economic effects 
and the heavy burden they put on government finances (interviews P1, P3). Targeted subsidies 
for the poorest, while seen as a theoretically viable measure, require technical capacities that 
many countries do not have (interviews P1, P3). 
It is worth noting here that actors in development assistance generally have difficulty with 
payments made on a permanent basis because they are under constant pressure to deliver 
sustainable results in the sense of one-time payments providing lasting benefits. In other 
words, donors usually do not engage in permanent payments, which is why, in the case of 
LPG, they may finance for instance information campaigns or the development of performance 
standards for cookstoves, but no permanent subsidies. This presents another barrier to scale 
up LPG.  
Governments, meanwhile, can use subsidies to improve access to LPG. Setting up an ap-
propriate infrastructure for the import and distribution of LPG is primarily up to the industry 
and large investors though (interviews P3, P6). However, under the prevailing market condi-
tions, the industry has no interest in investing to extend its offer to remote areas (interviews 
P3, P6).  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
85 Market conditions or acceptance by households will thus not be discussed in detail in the context of this work. 
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Additional financial support is therefore needed for individual parts of infrastructure de-
velopment, possibly through financing from development banks (interview P6). Creating en-
abling conditions furthermore requires analytical work, which external actors like GLPGP or 
development banks may provide, in close collaboration with the industry and relevant minis-
tries (interviews P2, P3, P6). However, this demands (i) a national government that is commit-
ted to the expansion program and supports it with own policies and resources, and (ii) inter-
national donors willing to fund the external support.  
Hence, with respect to the barriers to widespread LPG use, several experts stress that a 
private market cannot be created on its own and that public support from national govern-
ments and the international development community is needed (interviews P1, P2, P3, P6, P8). 
When elaborating on the need for a strong policy push, experts often refer to the case of India, 
where the government seeks to expand access to LPG to 80 million rural poor households by 
essentially covering the upfront costs of the stove and cylinder and by improving the supply 
in remote areas.  
Promoting IBCs, in contrast, primarily involves the distribution of appliances themselves, 
which are commonly inexpensive and hence a very cost-effective way of generating emission 
reduction certificates (interview P9). Consequently, IBC interventions are appealing from a 
donor perspective, as a public health scholar observes: “Investing in solid fuel stoves lets do-
nors off the hook, giving a false impression that real benefits can be obtained with an appealing 
modest investment in locally improved technology.”  (Individual comment in survey response 
S 82). 
The role of carbon markets 
Given this context, to what extent could additional funding through carbon finance facilitate 
the promotion of widespread access to LPG? An expert for carbon markets and methodologies 
to quantify emission reductions clearly sees the possibilities to augment the prospects of LPG 
projects through carbon finance, as these revenues can make LPG more affordable for the user. 
At the same time, he fears that they will not be sufficient to trigger a switch from biomass to 
LPG. He also points to the need to set up a supply chain, which a carbon project alone will not 
be able to do (interview P8). Against this background, he underlines the critical role of vigor-
ous policy measures: 
[…] my sense at least from the Indian example is that the carbon [finance] in itself might 
not be a huge factor in moving to LPG, I think you would need a policy push, simply 
also because LPG is much, much more expensive […] you have to pay for LPG whereas 
biomass can be collected for free […]. (Interview P8, amendment in parentheses are by 
the author). 
He sees this difficult environment both as a potential reason why there are not more pro-
jects funded through carbon finance and as a possible explanation to why the CDM method-
ologies were not adapted to allow for carbon-offsets from a switch from NRB to LPG, or why 
a new methodology has not yet been developed by users: 
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I think the reason why we do not find you know, developers, or we do not find a lot of 
traction is simply because a vast majority of the developing world is still heavily reliant 
on solid biomass, or solid fuels for cooking. So, I think there probably was not even a 
business opportunity in that sense, you know, to go and develop an LPG-based meth-
odology simply because it would not have widespread applicability. Indeed biomass 
methodologies can be applied much more widely. (Interview P8). 
Emission reductions that occur when switching from NRB to LPG projects can only be cer-
tified using the Gold Standards TPDDTEC methodology and sold on the voluntary carbon 
market. The fact that no claims can be made based on the difference in carbon content leads to 
a substantial underestimation of the actual reduction of climate-active gases and pollutants 
(see subsection on carbon finance for details). What is the rationale behind such restrictions 
that are at odds with the goal of giving people access to clean fuels through the highest possible 
revenue from emission reductions? 
According to the expert for cookstove methodologies, the carbon content cannot be claimed 
because the Gold Standards’ policy is not to promote the use of fossil fuels, but only zero or 
less GHG-intensive fuels. The LPG methodology was designed to “help people move up the 
energy ladder”, but is described as an exception from the general principle: 
Gold Standard does not promote the use of fossil fuels. However, the Gold Standard 
understands that there are scenarios where you would have to use fossil fuels, but as 
long as there is an efficiency gain in the project scenario as opposed to the baseline, and 
[as long as] there is also a very strong possibility of providing, say, the developing world 
with access to basic human needs. In those situations, you know, exceptions are made, 
for example with the cookstove methodology. But other than that, as a policy, you will 
not see large-scale methodologies […] where Gold Standard allows any kind of fossil 
fuel usage. (Interview P8).    
Overall, the opportunities for LPG financing through the carbon markets are thus deliber-
ately limited. Yet, insights from the interviews suggest that the negligible role of carbon fi-
nance for LPG projects is not so much attributable to the methodologies used to quantify emis-
sion reductions as to the complex realities on the ground. In other words, the discussion in this 
section showed that setting up the required infrastructure for large-scale LPG distribution and 
creating market conditions that allow low-income households to use LPG as their primary 
cooking fuel is a challenge that requires coordinated action, a strong push from policy and 
financial support from national and international actors. In light of these realities, carbon fi-
nance could make a financial contribution to LPG programmes, but there is little potential to 
implement interventions primarily financed by carbon finance in most developing countries 
concerned. 
Ideologies and approaches to development  
Finally, in addition to the somewhat contrasting assessments of the potential benefits of clean 
cooking alternatives and of the barriers in providing access to them, some respondents also 
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felt that there were ideological differences between supporters and opponents of LPG regard-
ing their development policy approach.  
In particular, behind LPG, there is an entire industry, and scaling up requires large-scale 
investments (interviews P3, P6). A senior official of the KfW – one of the very few bi-or multi-
lateral donors providing support to the Global LPG Partnership – feels that the fact that LPG 
requires large investments provokes `defensive’ and to some extent `anti-capitalist’ reactions. 
That is, some actors in the development policy field conclude that LPG does not fit into their 
development policy concept, as the following reasoning illustrates: 
Well, part of it, I'd say, is a bit ‘anti-capitalist’. When you think a little bit about what 
needs to be done for LPG. First, you have to build a quay in the port for X millions, and 
then you have to buy special ships for Y millions, and build domestic pipelines. Some 
‘capitalists’ back this. That is one part of it. The other part originates from that ‘small is 
beautiful’ school. It is not ‘small’ if I have to say, I need a berth where a huge ship can 
discharge an enormous amount of gas. Then I need dozens of heavy steel machines that 
can fill it. This is not local. That makes a difference. (Interview P6, translated from Ger-
man).  
This may also explain differences in actor positions independently of their sectoral focus 
on health or environmental issues. In particular, it can explain why development banks, which 
mainly employ economists, tend to take a different stance towards LPG than other develop-
ment agencies or, in particular, NGOs, whose staff is often more heavily influenced by general 
anti-capitalist ideologies.  
Empirical evidence on the role of LPG and related resources 
The debate on cooking technologies revealed that the sector’s actual development is perceived 
in different ways. While proponents of the cleanest technologies argue that the main donors 
continue to rely primarily on biomass cookers, others, such as environmental NGOs, say they 
are experiencing a strong trend towards promoting LPG. It is therefore worth shedding light 
on how much of their resources organizations actually allocate to LPG interventions and what 
their plans for the future are.  
Reports from the SE4ALL finance tracking suggest that, overall, providers allocated most 
financing commitments in 2015-16 and 2017 to improved biomass cookstoves, followed by al-
cohol stoves, biogas digesters and advanced biomass stoves. Tracked finance to LPG amounts 
to $4.6 million, as compared to $15 million for improved and $4 million for advanced biomass 
stoves. 24F 86F86,25F87F87  Combined with the findings from the academic and grey literature (see Chap-
ter  5), the report thus confirms that support to modern fuels through international develop-
ment cooperation has somewhat increased in recent years, but still remained below the efforts 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
86 Advanced stoves are high performing cookstoves which are very efficient and therefore have low emissions. Advanced stoves are 
usually gasifier stoves or forced air stoves, both working with processed or raw biomass.  
87 Imported volumes of LPG cylinders are not considered in the report’s comparison.  
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that might be expected given their scope to reduce global health burdens from indoor air pol-
lution.  
However, shifts in development thinking and practice usually take time. Hence, program 
priorities could simply be slow to change, while LPG programs are in the pipeline but not (yet) 
implemented. Moreover, the data do not allow us to differentiate the actors in the sector who 
claim to be in favor of increased efforts to promote LPG from those who are indeed placing 
more emphasis on LPG in their resource allocation. 
This section therefore provides further evidence from self-collected data to address these 
questions. Drawing on the standardized survey and personal interviews among representa-
tives of key organizations in the sector, it provides an in-depth picture of the role that actors 
in international development cooperation assign to LPG and to what extent they invest in cor-
responding projects. Note that not all organizations finance or implement interventions di-
rectly, e.g., international public health organizations.  
Current role 
The relevance that actors assign to LPG in their clean cooking portfolios varies widely. When 
asked how important LPG programs are for their organization, as compared to programs pro-
moting other fuels and technologies, almost half of the respondents state that LPG is unim-
portant or of little importance for their organization, while 38 % report that it is important.  
Figure 8 provides an overview of the relevance that respondents attach to LPG programs 
in their organizations’ clean cooking portfolios, grouped by the organizations’ sectoral focus. 
Generally, the results show that, as expected, LPG is significantly more important for health-
focused organisations and clean cooking initiatives (including GLPG) than for the other play-
ers. Development organizations attach the least importance to LPG, as only about one-fifth of 
respondents consider LPG to be important for their organization.  
Yet, considering LPG as relevant does not necessarily imply that a corresponding share of 
resources is allocated to it, as revealed by a further survey question, that asked participants to 
indicate which proportion of clean cooking resources their organization spends on LPG (see 
mean values for ‘LPG share’, by sectoral focus in Figure 8). Here, not many participants re-
ported a specific value and within the context of the survey responses as a whole, it is likely 
that many of the missing values would actually be zeros. Therefore, the indicated LPG shares 
are to be understood as upper bounds and generally need to be interpreted with caution. No 
average LPG shares are reported for groups with less than three responses. The results never-
theless suggest that the financial resources actually used for LPG are modest. 
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Figure 8 Role of LPG in clean cooking portfolios 
 
Note: Respondents were asked to state how important LPG programs are for their organization, as com-
pared to programs promoting other fuels and technologies. In order to avoid distortions, only one answer 
was included from organizations with multiple respondents. However, the aggregate result is not depend-
ent on who is excluded, as the excluded answers to the relevant questions were either the same as those 
taken into account or left blank. ‘Health’ refers to public-health organizations as well as organizations with 
a focus on reducing air pollution. ‘Clean cooking’ in this figure includes all clean cooking initiatives includ-
ing those focusing on LPG. ‘Environment & energy’ summarizes responses from all environmental and en-
ergy NGOs (and social businesses), whereas ‘Development’ refers to Development NGOs, bilateral donors 
and development banks.  
Among the organizations that actually develop or implement clean cooking programs, 
some development banks, clean cooking platform initiatives (or their partners) and energy-
oriented NGOs and social businesses today allocate relevant parts of their clean cooking re-
sources to LPG (up to 20 % of clean cooking resources, more for some clean cooking initia-
tives). However, among bilateral donors as well as development- and environmental NGOs, 
the share allocated to LPG is extremely small, if indicated at all (clearly below 10 %, mostly 
0 %). Many bilateral donors indicated that their country’s aid to energy projects was not struc-
tured in a way that allows them to identify the role of LPG and that consequently, they were 
unable to quantify its importance. Most of them noted, however, that LPG is of little im-
portance or unimportant for their organization. A notable exception is Japan, which has not 
directly funded any clean cooking projects so far, but is considering promoting LPG access in 
the future (survey response S9). These results indicate that the focus on IBCs is most pro-
nounced among European donors. 
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Among the development banks, several representatives state that LPG is important to them 
as a means of promoting clean cooking. Yet, actual resource allocation is minimal. 26F88F88 Apart 
from some funding for analytical work and feasibility studies by KfW (and ESMAP), currently 
only the AfDB has investment projects for LPG (50 % of resources) (interviews P1, P2). The 
World Bank representative emphasizes that the Bank generally promotes clean cooking solu-
tions based on performance and based on the context and that there is no single solution that 
fits all contexts (interview P1).  
Similarly, EnDev has so far only implemented projects for biogas, wood or charcoal stoves 
(survey response S30, interview P4), arguably also underpinned by EU legislation supporting 
renewables (interviews P3, P4). Regarding the Alliance, according to its guiding principles it 
has always been committed to technology and fuel neutrality. In the past, the lion share of its 
support has focused on IBCs (Clean Cooking Alliance, 2018b). Data from 2015-17 reveal a 
stronger focus on ethanol, biogas and pellet/gasifier stoves, and that some capital was also 
raised for LPG (7 %) (Clean Cooking Alliance, 2019a: 5). The head of a social business promot-
ing IBCs confirms such a shift within the Alliance, which he criticizes as being linked to lob-
bying activities by the industry: “[…] four years ago, [the Alliance] started speaking about 
LPG, started inviting the LPG lobby, the World LPG Association to all of their meetings” (In-
terview P5). [In fact, it was the non-profit GLPGP, setup by SEforALL but not the industry 
representatives.]  
Concerning private foundations, the data available does not provide sufficient evidence on 
the extent to which funding is allocated to LPG scale-up promotion.27F89F89 The GLPGP representa-
tive expressed the opinion that private foundations either don’t address clean cooking at all or 
may do so through promoting renewables. She bases her statement on observations of social 
IBC businesses that very successfully unlocked funding from a number of private foundations 
(apart from bi- and multilateral donors) (interview P3). 
Finally, in line with the findings in the analytical part, the expected predominance of IBC 
projects is reflected in the contributions from climate funds and the carbon market, as financ-
ing from these sources was directed overwhelmingly to IBCs. Several large-scale projects for 
IBCs worth hundreds of millions of dollars have been approved by or submitted to the green 
climate fund while no LPG project is in the pipeline to the best of my knowledge. 28F90F90 The same 
is true for carbon markets. Unlike IBC projects, programs that promote the use of LPG for 
cooking have secured finance in only very few cases so far. According to an Alliance-catalogue 
of selected projects to promote clean cookstoves and fuels, for instance, only a single project 
out of 56 promotes LPG (Clean Cooking Alliance, 2015). The project ‘Darfur Low Smoke Stoves 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
88 This is also due to the specific instruments available to (development) banks. They work with loans and finance infrastructure, thus 
the fragmented household energy sector is not their regular business. 
89 The SEforALL analysis of asset types and activities funded does not differentiate between different providers and the survey invita-
tions to major foundations remained unanswered.  
90 E.g., a World Bank-led project worth $80 million which aims to disseminate IBCs to more than 17 million beneficiaries in Bangladesh 
(approved 2018), or another large-scale IBC program in Bangladesh, Kenya and Senegal worth 75 million, submitted by the German 
GIZ. For more information see https://www.greenclimate.fund/projects/fp070 
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Project’ started disseminating LPG stoves in 2010.29F91F91 More recently, the French NGO Entrepre-
neur du Monde has implemented two projects to expand access to LPG through microfinance 
that are approved for carbon credits in Burkina Faso and Haiti (Bruce, Aunan & Rehfuess, 
2017).30F92F92  
Understanding the strategies of development banks and multi-donor initiatives requires a 
closer examination of the preferences and influence of bilateral donors that contribute to these 
programs. The survey and personal interviews therefore inquired directly about the role of 
donor preferences from the perspective of organizations that implement clean cooking pro-
grams or channel donor support through their funds.  
In the online survey, only 16 % of the experts indicated explicitly that their organization 
obtains significant funding from donors that prefer to support improved solid fuel stoves ra-
ther than LPG. These results may not be very conclusive because the question does not apply 
to some of the organizations surveyed (e.g., if they are donors themselves or if they are not 
involved in projects themselves). We can nevertheless conclude that for those organizations 
that mainly promote IBCs, donor preferences do not seem to be the major driver.  
Yet, in individual comments and personal interviews, several experts from development 
banks and multi-donor partnerships emphasized that the bilateral donors funding their pro-
grams prevent investment – or an increase thereof – in LPG projects. The World Bank high-
level representative of the clean cooking programme especially highlights the role of ministe-
rial involvement within the donor country administration:  
I mean it's not an issue for the World Bank [to promote LPG], but it is [an issue] for some 
donors, if the donor comes for instance from the department of climate change or the 
department of renewable energy. LPG is not counted as renewable energy. So when they 
provide the funding – I mean, even though they are interested in [the] clean cooking 
space – because of their department mandate they cannot provide funding to LPG. (In-
terview P1, amendments in parentheses are by the author). 
Similar tendencies can be observed for EnDev, which has been identified by several re-
spondents as being governed by donors that wish to focus on improved biomass stoves (sur-
vey response S30, interview P4). But opinions within the organization differ, and recently do-
nors have been engaging in discussions and some piloting activities on LPG. A specialist from 
the Norwegian development agency NORAD describes his country’s position as generally 
“more open” to LPG than others, given its status as an oil producer. However, Norway pro-
vides its funds to EnDev through a budget line for renewable energies and consequently, the 
vast majority of projects financed through this fund must be for renewables (interview P4).  
Evidence from these interviews hence supports the hypotheses on at least an indirect or 
implicit influence of funding agencies. They suggest that first, the focus on biomass stoves in 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
91 Interestingly it won a “Momentum for Change“- award from the UNFCCC in 2013 for its contribution to delivering climate friendly 
finance. For more information see https://mer.markit.com/br-reg/public/project.jsp?project_id=103000000002416 
92 For more information see: http://www.entrepreneursdumonde.org/downloads/EdM-StakeholderConsultationReport0612112.pdf 
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several major programs can be attributed to the influence and preferences of the donor coun-
tries who are funding them. Second, donor preferences for renewables are related to the fact 
that within donor country administrations, contributions to energy access programs are co-
financed and managed by ministries that have a mandate to promote renewable energy.  
The experiences of senior energy specialists from the IDB support this argument, as they 
report that their bank’s possibilities to access concessional resources for LPG projects are re-
stricted due to donor preferences. In particular, climate finance is seen as an important driver 
by experts from the IDB: 
[…] the concessional resources we have access to […] many of them are linked to climate 
change. So that is when it becomes a problem, because if you say “ok, I want to do that, 
to support these LPG stoves because they are an adequate solution and people cannot 
afford them”, and so on, the Climate Fund will be reluctant to do that. (Interview P2).  
In this context, the IDB experts report the specific case of a funding proposal submitted to 
the NAMA facility, which is a joint initiative by several European donors. 31F93F93 An IDB climate 
change specialist collaborated with the government of Guatemala, which wished to promote 
LPG as an option for cooking in areas where LPG is available. The original proposal was not 
approved, since “[…] the issue of funding fossil fuels brought a lot of noise to them.” Finally, 
the LPG component had to be removed (interviews P2, P7). 
Trends  
Is the current state of resource allocation indicative for the future or can we expect a change in 
the role of LPG? Asked about changes and plans in the past and future 5 years respectively, 
experts from development banks, public health agencies, and clean cooking platform initia-
tives report experiencing LPG slightly increasing in importance. The statements of bilateral 
donors and aid- and environmental organizations contrast this. With few exceptions, the ex-
perts from these organizations state that they do not perceive any previous or future changes 
in the role of LPG.  
In the personal interviews, however, several experts point out that some donors are begin-
ning to support programs that rely more strongly on LPG and other modern fuels. One exam-
ple is the UK’s development agency DFID that launched the Modern Energy Cooking Services 
(MECS)94F94 program promoting electricity and LPG. Another case is UNDP’s new Program of 
Activities in DRC to promote LPG and improved stoves in an attempt to reduce unsustainable 
wood fuel use (interviews P1, P3). 
Since the perception of experts within an organization is not necessarily identical with the 
political strategy of the organization, the survey also inquired about the political viability of 
increased efforts to promote LPG in their organization. Close to 30 % of the experts believe 
that the decision makers in their organization are likely to favor a strategy that has a stronger 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
93 The following donors are involved: German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (BMU), 
UK's Department for Business, Energy and Industrial Strategy (BEIS), Danish Ministry of Energy, Utilities and Climate (EFKM), Danish 
Ministry of Foreign Affairs (MFA), European Commission. Information: https://www.nama-facility.org/about-us/ 
94 Information on MECS can be found here: https://www.mecs.org.uk/challenge/. 
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focus on LPG in the future. It is mostly representatives of health and clean cooking organiza-
tions and development banks who tend to believe that their organizations are more likely than 
not to move in this direction. Staff in aid agencies, and development, energy and environmen-
tal NGOs tend to be uncertain or believe that this is rather unlikely. In total, 40 % are not sure 
and 29 % believe that decision makers are not likely to increase efforts to promote LPG.  
As an interim assessment, it can be said that some key actors, particularly multilateral de-
velopment banks and clean cooking initiatives, have been placing more emphasis on technol-
ogies and fuels that meet high emission reduction standards in the past few years, including 
LPG. At the same time, the focus of (particularly European) donors and NGOs has been to 
largely continue exclusively promoting biomass stoves, with a stronger focus on more ad-
vanced, less polluting technologies such as pellet stoves.  
Views on increased efforts to promote LPG  
Finally, how do professionals in the sector assess the focus of clean household energy pro-
grams today? Experts’ views on increasing LPG-promoting efforts vary widely. In the survey, 
they were asked to indicate to what extent they agree with the argument that instead of a 
continued focus on improved/advanced biomass cookstoves, there should be increased efforts 
to promote the adoption and use of LPG. Overall, almost half of the respondents agree some-
what or strongly with this and believe that more LPG should be promoted. On the other hand, 
no less than 29 % are indifferent and 23 % tend to disagree rather or strongly to such a call.  
Figure 9 illustrates how views on a potentially stronger LPG focus of clean household en-
ergy programs differ across types of organizations. Not surprisingly, support is strongest 
among organizations with a mandate to promote LPG or health, whereas general clean cook-
ing organizations tend to be rather supportive too (somewhat agree). Among organizations 
with a general development mandate, support is strongest among development banks. Bilat-
eral donors, development NGOs and organizations with an environmental interest are more 
sceptical.  
The fact that half of the experts in the sector appreciate increased efforts to promote LPG, 
while only one third thinks this is an option favoured by decision makers in their organization, 
underpins the political character of spending decisions in the sector, which was also empha-
sized by several experts (survey responses S8, S10, interview P3).  
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Figure 9 Views regarding the focus of clean household energy programs   
 
Note: Respondents were asked to what extent they agree with the following statement: “Some argue that 
instead of a continued focus on improved/advanced biomass cookstoves there should be increased efforts 
to promote the adoption and use of LPG.” In order to avoid distortions, only one answer was included from 
organizations with multiple respondents. However, the aggregate result is not dependent on who is ex-
cluded, as the excluded answers to the relevant questions were either the same as those taken into account 
or left blank. ‘Clean cooking’ stands for clean cooking platform initiatives such as clean cooking alliances, 
whereas the answers from the Global LPG Partnership (‘Clean cooking LPG’) are shown separately for more 
accuracy. ‘NGO energy’ stands for NGOs, think-thanks or social businesses that are specialized on energy 
and sustainable development (with an energy focus).  
6.4 Discussion and Conclusion  
To mitigate the adverse effects of traditional biomass cooking for human health and the envi-
ronment, development cooperation has been promoting access to more efficient and cleaner 
alternatives for a long time. Most recently, development thinking has somewhat shifted to-
wards clean options such as LPG, yet it has been asserted that major donors largely continue 
to promote IBCs, which usually cannot sufficiently reduce indoor air pollution. 
This chapter shed light on the contrasting positions of donors towards intervention for 
clean cooking. It sought to explain what determines their support for LPG versus IBC inter-
ventions by examining what economic incentives and political norms emanate from the rele-
vant institutional framework for this sector and how these incentives and norms shape donor 
decisions. Major institutions in the global arena include the UN Sustainable Development 
Goals within the Agenda 2030, internationally formalized standards for the performance of 
cookstoves, and the international climate agreements, with mechanisms for public climate fi-
nance and carbon offsetting. To understand priorities in donors’ ressource allocation, the study 
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further examined the beliefs and values underlying donor preferences and considered the role 
of governance arrangements within the national and multilateral organizations involved in 
the allocation of resources in the sector.  
Regarding the allocation of funds in the sector, evidence from the literature and the self-
collected data from surveying representatives in the sector suggests that some key actors have 
been placing more emphasis on technologies and fuels that meet high emission reduction 
standards in the past few years, including LPG. In this respect, it can be concluded that the 
internationally formalized cookstove performance standards and the measurement approach 
that international organizations employ for tracking progress in energy access (SDG 7.1), both 
placing great emphasis on the cleanest alternatives, have in part directed the allocation of 
funds in the sector towards clean appliances and fuels, including LPG.  
At the same time, support for LPG remains substantially below the efforts that might be 
expected given its scope to reduce the global health burden from indoor air pollution, and 
survey results indicate that this will not fundamentally change in the near future. One reason 
for this is that the above-mentioned guidelines are non-binding, while the institutional frame-
work of climate policy provides strong economic and political incentives for improved bio-
mass stoves, especially for bilateral donors who are key players in the sector.  
On which empirical observation this finding is based and how diverging priorities of actor 
groups may be explained by the differently weighted influence of institutional elements and 
ideational factors is discussed in more detail below.  
The evidence from the online survey and personal interviews suggests that organizations 
with a coordination and advocacy mandate in the sector, health-focused organizations, and 
development banks are generally open to all cooking technologies and aim to base their strat-
egies increasingly on stove performance standards and empirical results while taking into ac-
count the specific context of the area in question. As a result, the resources that these organi-
zations devote to the promotion of LPG as well as to other clean fuels and technologies might 
be expected to rise to some extent in the coming years. In view of their mandate, health organ-
izations’ position is self-evident. Turning to the rather positive attitude of development bank 
staff towards LPG, it can be assumed that, due to their professional background (many are 
economists) and because they are subject to fewer political and economic constraints than bi-
lateral donors, they are more likely than the latter to base their program design on technical 
performance criteria. 
However, as confirmed in the online survey among experts and in personal interviews, the 
resource allocation of major multilateral programs and initiatives like ESMAP, EnDev or clean 
cooking platform initiatives is also determined by the preferences of the bilateral donors who 
are funding them, either directly or sometimes via climate funds.  
The focus of these (particularly European) bilateral donors as well as NGOs has largely 
remained the exclusive promotion of biomass stoves. Among these players, the increasing im-
portance of performance standards for cookstoves has apparently led to a stronger focus on 
more advanced, less polluting technologies such as pellet stoves. However, the majority does 
not consider supporting LPG and is opposed to its increased promotion.  
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These donors’ approach is understandable if one considers that the weighting of institutional 
elements is different for them than for health-oriented organizations and development banks. 
Being co-signatories of the international climate agreements, or as organizations dedicated to 
promoting environmental protection and sustainable development, many of these actors have 
a primary interest in combating climate change and in interventions that pursue an integrated 
approach to development and climate goals. In particular, they do not consider increased in-
vestment in gas production to reduce energy poverty to be compatible with the long-term ob-
jective of mitigating climate change. Therefore, in these organizations, emission reductions 
and the promotion of renewable energy are given more weight than health aspects. 
The empirical analysis of public climate finance and carbon offsestting instruments, of fi-
nancial flows, and of interviews, provided additional evidence on the mechanisms by which 
international climate policy provides political and economic incentives for a continued focus 
on biomass. That said, the future of market-based instruments is currently uncertain, as nego-
tiations on Article 6 of the Paris Agreements have not yet been concluded.  
Politically, development policy is expected to support the emission reduction targets to be 
achieved domestically and abroad and to be consistent with both political norms, like fuel 
subsidy reductions, and with the public interest.  
Economically, since bilateral donors have restricted means, it is rational to provide support 
to residential energy-access projects through climate finance, emission reduction certificates, 
or budget lines tied to climate goals or the promotion of renewables. This allows the most cost-
effective use of restricted public funds by contributing to commitments and targets in the areas 
of development and climate action at the same time. Climate finance and carbon credits are 
built around the primary goal of climate mitigation, giving priority to biomass cookstoves or 
other technologies based on renewable energy sources. The qualitative evidence from personal 
interviews supports this expected link for climate finance. Several experts confirmed that a 
significant part of the funding for household energy projects comes from donors' budget lines 
dedicated to combating climate change and promoting renewable energies, and that these 
funds cannot, of course, be used for LPG. 
Carbon credits are another – historically very important – financing source for clean cook-
ing projects. NGOs, for instance, can secure substantial additional funding for their IBC pro-
jects through emission certificates sold on the carbon markets. Regarding LPG, while a switch 
from non-renewable biomass to LPG leads to emission reductions, the detailed analysis of the 
relevant methodologies in this chapter revealed that there are only very limited opportunities 
to generate carbon credits in corresponding projects.  
However, in personal interviews, experts stressed that there are also practical aspects of 
clean cooking interventions that shape donors' priorities for IBCs. The promotion of IBCs pri-
marily involves the distribution of low-cost appliances, whereas promoting widespread and 
sustained LPG use commonly requires large-scale investments, a strong policy push from the 
national government and coordinated action of public and private entities on the national and 
international level. 
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In view of all these political and economic factors and their mutually reinforcing nature, it 
is easy to see why IBC interventions are much more appealing from a donor perspective. Con-
sequently, the major donors in the sector hardly support LPG projects on the grounds of avoid-
ing a carbon lock-in. However, the lack of support for LPG and the way the problems and 
solutions surrounding clean cooking are politically framed as well as the way in which financ-
ing mechanisms are designed lead to a different type of lock-in. That is, the transition to clean 
alternatives is being delayed, as attention and capital remains focused on other, less efficient 
products, namely improved biomass cookstoves.  
That said, several countries are promoting improved access to LPG themselves. The Indian 
government in 2016 launched one of the most important of these programs. Within the context 
of this program, the following chapter examines the effectiveness of a measure to achieve sus-
tainable LPG consumption. 
 





7 HEALTH AWARENESS AND THE TRANSITION 
TOWARDS CLEAN COOKING FUELS: EVIDENCE 
FROM RAJASTHAN95F95 
Programs in development cooperation that aim to provide access to clean cooking energy, 
have been placing very little emphasis on LPG. As shown in the previous chapter, this is partly 
because coordinated and strong support measures by national governments and industry are 
needed to build up the infrastructure required for the distribution of LPG and to help over-
come the financial barriers for households. However, there are also important complementary 
measures that could be funded through aid funds. In our research presented in this chapter, 
we are testing the effectiveness of such a measure as a complement to a large-scale government 
program to promote LPG in India. 
7.1 Introduction 
In India, the health burden from traditional cooking is particularly high, with estimated 
482,000 premature deaths annually attributable to household air pollution (Health Effects In-
stitute, 2019). As a consequence, in 2016, the Indian government started the Pradhan Mantri 
Ujjwala Yojana (PMUY) program to provide poor households with access to LPG. As compared 
to combustion of traditional biomass, the combustion of LPG only generates a negligible 
amount of byproducts that are noxious to human health (see 4.1.2). As the PMUY covered the 
upfront cost for the access to this clean fuel, the number of households registered as LPG users 
increased by 80 million within just over 3 years. This is a development of unprecedented scale. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
95 This chapter is largely identical to the following research article: Zahno, Martina; Katharina Michaelowa, Purnamita Dasgupta & Ishita 
Sachdeva (2020) Health awareness and the transition towards clean cooking fuels: Evidence from Rajasthan. PloS one 15(4): e0231931 
(https://doi.org/10.1371/journal.pone.0231931). 
Author contributions:  
Martina Zahno: Conceptualization, methodology, data curation, formal analysis, project administration, data analysis, funding acquisi-
tion, investigation, validation, visualization, original draft preparation, review & editing.  
Katharina Michaelowa: Conceptualization, methodology, formal analysis, project administration, supervision, funding acquisition, in-
vestigation, original draft preparation, review & editing.  
Purnamita Dasgupta: Conceptualization, methodology, project administration, supervision, funding acquisition, review & editing, 
Ishita Sachdeva: Investigation, project administration, review & editing. 
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If all these households fully switched to this clean cooking fuel, this would substantially in-
crease the life expectancy in rural India. However, so far, many households who adopted LPG 
under the program continue to rely on traditional biomass for a major part of their cooking. 
Multiple fuel use (or fuel stacking, see also 4.1) is a widespread phenomenon and may persist 
over a long time (Cheng & Urpelainen, 2014; Heltberg, 2004; Masera, Saatkamp & Kammen, 
2000). A study based on multi-year LPG sales data from Karnataka shows that PMUY benefi-
ciaries buy less than half the amount of LPG cylinder refills as compared to general consumers 
in rural areas (Kar et al., 2019).  
There may be different reasons for this, notably the cost of regular refills and supply-side 
constraints (Cheng & Urpelainen, 2014; Jain et al., 2015). In addition, households may simply 
not be aware of the important health benefits of LPG and may thus not recognize any serious 
need for change. They usually see the time saving effects and the convenience of LPG, but this 
alone may not prompt them to switch to LPG as their primary cooking fuel. Hence, providing 
clear health information could be key to inducing the transition to sustained use of clean cook-
ing fuels. 
Related literature has shown that information on health benefits does not necessarily 
change people's behavior (Beltramo et al., 2015; Mobarak et al., 2012). Yet, to the best of our 
knowledge, this has never been tested in the concrete context at hand. The closest literature 
relates to LPG use in Kerala and Uttar Pradesh (Krishnapriya, 2017) and willingness to pay 
(WTP) for improved biomass stoves in rural Bangladesh (Mobarak et al., 2012), where upfront 
costs were relatively high and constituted an important barrier (see also Bensch & Peters, 
2015). This study now examines the effect of health messaging in a context where the problem 
of high upfront cost is already taken care of through the PMUY. We expect that under these 
new conditions, the effect of health messaging on WTP and LPG consumption may be sub-
stantial. 
Our evidence is based on a survey of 554 households in the rural part of Bikaner district in 
Rajasthan. We randomly assigned health information to one part of the respondents and gen-
eral, non-health-related information on LPG to the other part. We then measured the treatment 
effect on two variables: (i) the necessary financial compensation to induce households to dou-
ble their LPG consumption at given prices, and (ii) the actual increase in consumption, meas-
ured by the households' use of a voucher for a new refill before a given deadline. The two 
separate measurements allow us to distinguish the effect of health messaging from the poten-
tial nudging effect of the voucher itself. In our study we did not measure any direct health 
outcomes.  However, the health benefits of regular LPG use are uncontested and do not de-
pend on maintenance or the way the stove is used (which in contrast, would be highly relevant 
for an evaluation of improved biomass cookstoves). 
Overall, our experimental evidence suggests that health messaging is highly effective and 
should be included in the campaigns to promote LPG. Our results show that even very brief 
and simple health messaging has a sizeable effect. We also discuss why it may be useful to 
target not just women, but also men. Moreover, our results confirm that without the additional 
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health information, only very few people are aware of the severe health risks they incur by 
cooking with traditional biomass.  
The remainder of this chapter is organized as follows: in 7.2 we provide an overview of the 
extant literature regarding the effect of health messaging on household fuel choice and cook-
ing habits. We then develop the conceptual framework (7.3) and present the sampling strategy 
and methodological approach, including the experimental set-up (7.4). This is followed by the 
presentation of our results in 7.5 and 7.6. Section 7.7 concludes with policy insights from the 
study. 
7.2 Health awareness and fuel choices – Literature review 
While there is an extensive literature on household fuel choice decisions in low- and middle-
income countries (see 4.1) there are only a few studies examining the effect of health messaging 
on households' decision making in this respect. Furthermore, these studies focus on improved 
biomass cookstoves rather than LPG. 
What we can draw from the extant literature is that (1) generally, knowledge about the 
health hazards of traditional cooking is very limited, (2) the effect of health messaging seems 
to be context dependent, (3) the effect in the context of transition to LPG has hardly been ex-
amined yet, and (4) has not been examined at all in the context of the PMUY program imple-
mented by the Indian government. 
Lacking knowledge about health hazards 
Available evidence from several countries in Sub-Saharan Africa and South Asia (including 
India) suggests that the knowledge about the health hazards of traditional cooking in the af-
fected population is very poor. While a majority of households recognize that there may be 
some health effects of household air pollution (Jain et al., 2015; Mobarak et al., 2012), they 
largely underestimate the severity of these risks (Mobarak et al., 2012; Nwankwo et al., 2018). 
When confronted with information about the fact that the adverse effects of household air 
pollution go way beyond transient irritations of eyes and throat, but substantially increase the 
risk of several deadly illnesses, they consider this information as highly salient (Beltramo et 
al., 2015).  
The existing knowledge gap may be an important hindrance for the greater uptake and use 
of clean cooking fuels in India and elsewhere in the world (Jain et al., 2015). To bridge this gap, 
the most natural intervention is to provide information (i.e., health messaging). Given that the 
knowledge gap is so profound, the effect of providing information may be substantial. 
No consistent evidence for the effect of health messaging 
The few studies that have examined the effect of health messaging on household cooking fuel 
or technology use in a systematic way are primarily related to the introduction of improved 
biomass cookstoves. These stoves have often not been well accepted by households though, 
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which is also true for India, where the adoption of improved biomass cookstoves has been 
limited (Khandelwal et al., 2017). Correspondingly, there is little evidence for any positive ef-
fect of health messaging on the willingness to pay for such cookstoves. In an experimental 
study in Uganda, only in one out of multiple settings do the messages increase willingness to 
pay, conditional on specific payment modalities. The direct reaction to payment modalities is 
much stronger (Beltramo et al., 2015). Similarly, a broader study on fuel change in Myanmar 
finds no significant effect of health counselling (Tun et al., 2005), despite the fact that signifi-
cant changes in the relevant knowledge are observed (see Barnes, 2014 for a review of these 
and other related studies). In contrast, findings from survey data from urban Indian house-
holds suggest that the belief that wood does not cause pollution significantly increases the 
quantity of firewood used (Gupta & Köhlin, 2006).  
Overall, the evidence suggests that the effect of health messaging depends on both techno-
logical features and financial constraints. Correspondingly, results from a survey-based study 
in China suggest that health messaging alone may not be effective unless it is coupled with 
access to improved technology in the form of culturally well-adjusted stoves (Jin et al., 2006). 
A randomized control trial in Bangladesh leads to similar conclusions (Miller & Mobarak, 
2015). Other experimental studies highlight the importance of financial constraints, notably in 
the form of liquidity constraints preventing the purchase of costly investment goods in Bang-
ladesh and Uganda (Beltramo et al., 2015; Mobarak et al., 2012). This is in line with the fact that 
those studies providing the most convincing evidence for successful health messaging inter-
ventions tend to consider situations in which large upfront costs do not exist. They look be-
yond the purchase of new technology and focus on behavioral change such as taking children 
out of the kitchen or cooking outside or with open doors rather than in a closed room (e.g., 
Barnes, Mathee & Thomas, 2011). 
Insufficient evidence in the LPG context 
In the specific context of LPG use, there is almost no evidence on the role of health messaging. 
A notable exception is the field experiment by Krishnapriya (2017) that covers the effect of 
health messaging with respect to LPG uptake and multiple other household choices of fuels 
and appliances in rural communities of the Indian states of Kerala and Uttar Pradesh. House-
holds were confronted with information at different levels of intensity. It turned out that even 
the most intensive information campaign involving posters in the village, leaflets and one-to-
one explanations to representatives of each household did not lead households to switch to-
wards cleaner fuels, except for Kerala in those cases in which the information was provided to 
women. In contrast, with regard to electric appliances (such as the purchase of LED bulbs) the 
information treatment led to significant results. As purchasing a bulb requires a much smaller 
investment than purchasing an LPG stove, an explanation of the different reaction could be 
that LPG uptake is largely determined by liquidity constraints or financial constraints more 
broadly. This would be in line with the findings on other interventions discussed above. 
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New situation as upfront costs are covered 
If the above reasoning is correct, the introduction of the government's PMUY program in 2016 
should have significantly changed the situation by removing the major constraint for the 
spread of the LPG technology. By offering LPG connections to poor rural households, the large 
upfront cost is taken care of by the government. LPG connection hereby refers to the establish-
ment of a formal account with a distributor as well as to the actual connection of the LPG stove 
to the LPG cylinder with a hose and a regulator. At current prices, this LPG connection comes 
to ₹1600 Indian rupee (about $25 U.S. dollar), and the additional cost for the first cylinder and 
the LPG stove is about ₹480 and ₹1020 respectively, i.e., another ₹1500. Total upfront cost hence 
amounts to around $50, which is difficult to bear for poor rural households. 
In the context of PMUY the government completely takes over the cost of the LPG connec-
tion, and in addition, it provides the opportunity to purchase the first cylinder and the LPG 
stove on the basis of an interest-free loan granted by the distributors that is gradually repaid 
by an increase in the price of subsequent refills by approximately ₹170. Since no repayment is 
required if further refills are not purchased, households generally consider the initial uptake 
of the new technology as free of charge. 
As mentioned in the introduction, this opportunity to receive an LPG connection, stove 
and the first cylinder initially free of charge has already driven 80 million households to adopt 
the new technology. If financial constraints are no longer binding, health messaging could now 
have a substantial impact on actual LPG use. 
Of course, for a poor rural household, even the purchase of a refill for ₹480 (or more if some 
of the loan costs for the stove and the first cylinder are added to the bill of the refill) still rep-
resents some investment. Hence, financial constraints that prevented the uptake of the tech-
nology before the PMUY may still prevent some of the poorest households from purchasing 
refills for the LPG cylinder. The fact that domestic LPG consumption has been growing at a 
much lower rate than what could be expected from the huge increase in connections may be a 
result of these remaining financial constraints (Jain et al., 2018; Kar et al., 2019). To what extent 
health messaging increases LPG consumption under the new financial conditions thus re-
mains to be tested. 
7.3 Conceptual framework 
We propose an illustrative utility-maximization model to motivate and structure our analysis. 
Let us assume that a household derives its utility from energy services, which require cooking 
gas or other fuels as input, and from other goods. The different fuels used to provide energy 
services are imperfect substitutes as they also differ on a number of other utility-relevant fac-
tors, notably health. To arrive at a simple model that allows a focus on LPG, let the household's 
utility 𝑈 be defined as a function of the cooking gas LPG (𝑔) and a composite good (𝑥). The 
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composite commodity 𝑥 represents the sum of all other consumption goods, including tradi-
tional biomass for cooking such as firewood. To ensure a certain degree of both complemen-
tarity and substitutability between 𝑔 and 𝑥 we use a standard Cobb-Douglas utility function:  𝑈(𝑔, 𝑥) = 𝑔𝜃𝑥1− 𝜃 (1) 
with 0 < 𝜃 < 1. 
The parameter θ captures the preference for cooking gas as compared to the composite 
good, and we assume that it is non-zero since all households we consider opted for an LPG 
connection through PMUY and stated that they intended to purchase a refill at some point in 
the future. For an income level of 𝐵 and prices pg and px, the budget constraint is given as: 𝑔𝑝𝑔 + 𝑥𝑝𝑥  ≤  𝐵 (2) 
 
Solving the optimization problem yields the Marshallian demand for LPG: 𝑔∗(𝑝𝑔) = 𝐵𝑝𝑔 ∙ 𝜃 (3) 
 
This equation shows the household's optimal LPG consumption as a negative function of 
the LPG price pg. We can invert this function to obtain an expression of the price the household 
is willing to pay as a function of the amount consumed, for given preferences and budget: 𝑝𝑔(𝑔∗) = 𝐵𝑝∗ ∙ 𝜃 (4) 
 
The first (rather trivial) observation to note is that since 
𝜕𝑝𝑔𝜕𝑔 < 0, if a household is asked to 
consume more than 𝑔 ∗, the price it must pay will have to be reduced. What we are interested 
in here is how health messaging affects first, the discount a household demands when asked 
to consume substantially more LPG and second, the propensity of the household to actually 
increase consumption when provided with a pre-defined discount. Given the setting underly-
ing our study, in which all households still have considerable leeway for more frequent LPG 
use, a consumption increase of 100 % is used to indicate substantially higher consumption.  
In the following, we first develop the theoretical expectations for the household's willing-
ness to pay for LPG conditional on increased use, and then derive the predictions for the pro-
pensity to double gas consumption.  
WTP conditional on increased use 
Let us consider that the preference for LPG 𝜃 is composed as follows: First, a basic preference 𝜃 due to the convenience, time savings and other general benefits associated with cooking on 
the gas stove. Second, an additional appreciation based on the health benefits, reflecting 
knowledge of the health risks related to cooking with traditional biomass ℎ, and the extent 𝛾 
to which this knowledge is salient for the decision maker. In particular, the salience 𝛾 may 
vary based on the exposure to smoke from the traditional cookstove (chulha), and thus be 
higher for women than for men. Consequently, we define 𝜃 as: 𝜃 =  ?̅? + ℎ ∙ 𝛾 (5) 




with 0 < ℎ < 1 and  0 < 𝛾 < 1.  
Now consider that we do not ask for the price households are willing to pay for their cur-
rently optimal – but very limited – consumption, but for a substantially increased consump-
tion, namely a fixed ?̅? = 2𝑔∗. 
Including the specification for 𝜃 and this fixed consumption requirement into Equation (4), 
we obtain:  𝑝𝑔(?̅?) = 𝐵?̅?  ∙ 𝜃(ℎ, 𝛾) = 𝐵?̅?  ∙ (?̅? + ℎ ∙ 𝛾) (6) 
 
Taking the derivatives of 𝑝𝑔(?̅?) with respect to ℎ and the cross-derivative with respect to ℎ and 𝛾 provides us with the relevant theoretical predictions 𝜕𝑝𝑔𝜕ℎ > 0 and 𝜕2𝑝𝑔𝜕ℎ𝜕𝛾 > 0 (for compu-
tational details, see Appendix E).  
We thus expect to find two effects: (i) a positive effect of the health messaging on the price 
the individual is willing to pay for LPG, and (ii) a positive interaction effect with salience, i.e., 
in particular, a greater effect of the health messaging on women than on men. 
Equivalently, we can express these hypotheses in terms of the compensation required by 
the individual to increase LPG consumption from 𝑔∗ to ?̅?. The necessary compensation (𝐶) 
corresponds to the market price of an LPG refill (𝑝𝑚), which we can consider as given for our 
period of study, minus the price the individual is willing to pay (𝑝𝑔), i.e., 𝐶 = 𝑝𝑚 − 𝑝𝑔. Hence, 
the effects with respect to the necessary compensation (
𝜕𝐶𝜕ℎ and 𝜕2𝐶𝜕ℎ𝜕𝛾) correspond to the above 
derivatives of 𝑝𝑔(?̅?) multiplied by (-1).  
While our experiment allows us to test the effect of h, the evidence we can provide on γ is 
suggestive only, since our experiment was not designed to examine heterogeneous gender 
effects. This will be discussed further in the empirical part. 
The propensity of doubling gas consumption 
Let us now consider actual change in consumption. This change can be observed through the 
use of a price-reducing voucher until a pre-defined, household-specific deadline. More pre-
cisely, the outcome variable of interest is the propensity of the household to use a voucher that 
ensures an increase of LPG consumption from 𝑔∗ to ?̅? for any level of a randomly determined 
price reduction 𝐷 and the resulting offer price 𝑝𝑑 = 𝑝𝑚 − 𝐷 specified on the voucher. 
Let us denote voucher use by the indicator variable 𝑌. Whether or not the voucher is used 
depends on the difference in utility ∆𝑈 between a situation in which the voucher is used 𝑈1 
and a situation in which it is not used 𝑈0: 𝑌 =  {1 𝑖𝑓 ∆𝑈 > 00 𝑖𝑓 ∆𝑈 ≤ 0 (7) 
The difference in utilities itself reflects the (unobserved) propensity of voucher use. Taking 
into account the conditions for voucher use, namely doubling initial consumption and the dis-
counted price 𝑝𝑑, ∆𝑈 can be expressed as: 
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∆𝑈 = 𝑈1 − 𝑈0 = ?̅?𝜃(𝐵 − ?̅?𝑝𝑑)1−𝜃 − 𝑔∗𝜃𝑥∗1−𝜃. (8) 
 
To predict how the propensity to use the voucher will be influenced by health messaging, 
and how this in turn is affected by the salience of this information for the decision maker, we 
again compute the derivative with respect to h and the cross-derivative with respect to ℎ and 𝛾. This yields the relationships:𝜕∆𝑈𝜕ℎ > 0 and 𝜕2∆𝑈𝜕ℎ𝑑𝑦 > 0 (see Appendix E).  
The model thus predicts that, just like the WTP, the propensity to use the voucher (and 
hence the propensity to double consumption) should be positively affected by health messag-
ing, and that this effect should again be greater for decision makers for whom the health in-
formation is more salient, namely for women. 
7.4 Empirical analysis 
7.4.1  Sampling and survey implementation 
We tested our hypotheses in the rural communities of Bikaner, a district in the state of Raja-
sthan in Western India (see also the map in Appendix F). The selection was purposive as it 
fulfilled several criteria: Rajasthan was one of the first states to experience the launch of PMUY 
in May 2016. This means the program had been in its implementation phase for more than one 
year before the beginning of our survey in October 2017, so that the number of beneficiaries 
was sufficiently high for our sampling purposes. 
Furthermore, available statistics on fuel use indicate that the district is quite representative 
for other parts of India (see Table 4). At 29 % for Bikaner district as a whole, the use of LPG in 
2011 was exactly at the Indian average. In rural areas, however, access to clean cooking fuels 
was somewhat lower than elsewhere in the country. As shown in Table 4, 5 % of the rural 
population in Bikaner district used LPG as their main cooking fuel in 2011, as compared to 
11 % in rural India as a whole. Consequently, there is also a stronger reliance on solid fuels 
like firewood and dung cakes that are used as an alternative. With respect to more general 
poverty-related indicators that may be relevant to fuel choice, Bikaner lies again at or some-
what below the country average. For instance, per capita income is almost equal to the national 
average, while access to electricity and literacy rates are lower in Bikaner than in the rest of 
India. 
The sex ratio is clearly below the Indian mean, which suggests that the status of women in 
the region is rather low (for a discussion, see, e.g., Drèze & Sen, 2013). There is, however, a 
general North-South divide with respect to this indicator, and the rate we find for Bikaner 
district is close to the rates for the large Northern Indian states (GOI, 2013-14). 
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Table 4 Energy access and demographics, Bikaner vs. India 2011 
   Bikaner India 
     Total Rural Total Rural 
LPG main cooking fuel 29% 5% 29% 11% 
Firewood main cooking fuel 53% 75% 49% 63% 
Dung cake main cooking fuel 14% 16% 8% 11% 
Electricity for lighting (%) 59% 40% 67% 55% 
Average literacy 65% 61% 74% 69% 
Sex ratio (women per 1000 men) 905 903 943 949 
Net domestic product p.c. (INR) 52263  53331  
Sources: (Directorate of Census Operations Rajasthan, 2014; GOI, 2012, 2013-14; Government 
of Rajasthan, 2017). 
The sample consists of 554 households who received an LPG connection under the PMUY 
program but remained infrequent users. 55 villages were sampled from the census lists (GOI, 
2013-14) with probability proportional to population size. For each village, a simple random 
sample of ten households was drawn from the village lists of PMUY beneficiaries. On average, 
there were 133 PMUY beneficiaries living in each village in the sample. Power calculations and 
the sampling procedure are described in Appendix F.  
The sampling strategy with many villages and relatively few households within each vil-
lage was chosen to ensure that all interviews could be run in parallel so that spillover effects 
would be minimized. Households that were unavailable, impossible to trace or that turned 
out to be ineligible for our sample were dropped and replaced from a back-up list of replace-
ment households at the time of the first visit to the village. No repeat visit was made to a 
village. 
Within each household, the preferred respondent was the main cook, who is usually a fe-
male. However, men were accepted as respondents if the relevant women were unavailable 
or unable to communicate to the enumerators for cultural reasons. Eventually, there were 
about 10% male respondents in the sample (see Table A 14 in Appendix G).  
At the outset, preliminary screening questions were asked as follows: 
‒ Is the household indeed a PMUY beneficiary? 
‒ What is the frequency of use of cooking gas (LPG)? 
These initial questions allowed us to screen out households that did not fit our criteria for 
infrequent use. We defined the corresponding threshold at a yearly LPG consumption of less 
than 6 cylinders a year for a family of five (excluding toddlers). An average Indian family us-
ing LPG exclusively requires 10 to 12 cylinders per year (Kar et al., 2019). Thus, all PMUY 
households consuming less than 1.2 standard-size (14.2-kg) LPG cylinders per capita (for per-
sons of age 6 and above) per year are considered infrequent consumers. Households covering 
all energy needs for cooking with LPG generally have a 50 to 100 % higher consumption in the 
sampled villages (Desai & Vanneman, 2015). 
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The responses to these questions were verified by checking the entries in the respondents’ 
official gas passbooks that report the households' average LPG consumption per year and the 
date of purchase of the cylinder currently in use. This information allowed us to compute the 
expected time until the next refill would become due based on past consumption patterns. 
It should be noted that a number of initially selected villages and individual households 
had to be replaced in the sample: First, for some of the originally sampled villages, we were 
unable to obtain the list of PMUY beneficiaries. Second, in some villages, a very large number 
of households could not be traced as villagers were away for agricultural operations and had 
moved into so-called ‘dhani’, i.e., shelters in the fields scattered around the village. When this 
number became very high (over 30 %), the whole village was replaced. Third, certain villages 
close to the India-Pakistan border were replaced due to security concerns. Eventually, the sur-
vey covered a total of 554 individuals from 55 villages. 
Between September 2016 and March 2017 we carried out team building activities, some 
initial training of enumerators, a focus group discussion, pilots and key informant interviews 
to understand the situation on the ground and to refine our survey instruments. Subsequently, 
we established the cooperation with LPG distributors, requested the PMUY lists and analyzed 
secondary data sources from the Census and the National Sample Survey (NSS) as relevant 
for our sampling procedure. In October 2017 we conducted a final one-week intensive training 
workshop for the enumerators. The training included sessions on the rationale of the research 
design, exercises of the interviews including the implementation of the WTP-elicitation mech-
anism and the presentation of the different frames for the experiment (see below). It also in-
cluded a familiarization of the enumerators with the use of the survey application (Qualtrics) 
that allowed them to directly register all answers on electronic devices like tablets or 
smartphones. Based on this training, the enumerators---a team of students from Bikaner Agri-
cultural University---carried out the data collection between October 2017 and February 2018. 
All household interviews were conducted in Hindi or Rajasthani (Marwari).  
The survey had several domains. The first section inquired extensively on household de-
mographic and socio-economic characteristics while the second part focused on specific ques-
tions to understand cooking and fuel use patterns. Subsequently, the survey application ran-
domly assigned the health information to the households (probability = 0.5), while the others 
received some general information on LPG supply and its characteristics. Following this, the 
enumerators assessed the required compensation for an increased use of LPG. Finally, the sur-
vey included several questions to test whether the respondents understood the health infor-
mation provided.  
The experimental set-up and the mechanism used to obtain the value of the required com-
pensation are described in detail below. 
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7.4.2  Experimental set-up 
The intervention consisted in verbal information on the effect of traditional cooking on child 
development and diseases such as lung diseases, heart diseases and eye diseases. The enumer-
ators were given a pre-formulated one-page text on these issues that they familiarized with 
and memorized in advance, so that they would keep their wording very close to the text with-
out directly reading it out. The duration of the presentation of health hazards lasted for 
3 - 5 minutes.  
Given the possibility that any frame – or simply the time spent on talking about LPG – may 
affect the answers of the respondents (Haffert, Reinke & Rommel, 2017), we constructed an 
alternative non-health related (and in this sense ‘neutral’ or placebo) frame for the control 
group. This frame consisted of information on how cooking gas is extracted or produced from 
crude oil and then distributed to the households. The time spent on the information was sim-
ilar for both frames.  
To illustrate the verbal information, the enumerators carried along colored plasticized pic-
ture cards (size A4). We selected images that would be as neutral as possible while visually 
clarifying the spoken text. An English translation of the pre-formulated texts for both treat-
ment and control group as well as a copy of the corresponding picture cards are presented in 
Appendix H. 
By design, the comparison of households who receive the health message and households 
who receive the placebo treatment reflects the net effect of the health messaging. If communi-
cating about LPG over a certain time indeed has an effect by itself, the gross effect of health 
messaging (encompassing the effect of both the health-relevant content and the time of the 
LPG-relevant communication) should, in fact, be larger. As a consequence, our estimates of 
the treatment effect can be considered as a lower bound of the effect of health messaging for a 
population that would otherwise receive no LPG-related information at all.  
After exposing the respondents to either of the two frames (health and non-health), we first 
assessed the households’ stated WTP for LPG conditional on increased use and then observed 
households' actual consumption behavior by monitoring effective voucher use. Details on the 
measurement of these outcome variables are provided in the following sections. 
7.4.3  WTP conditional on increased use 
There are several procedures used in experimental economics to measure willingness to pay 
in a way that ensures that rational individuals will reveal their genuine preferences. We base 
our WTP assessment for LPG on the Becker-DeGroot-Marschak (BDM) mechanism (Becker, 
Degroot & Marschak, 1964), a widely used option that mimics a Vickrey auction by replacing 
the other buyer with a random number. Under a common version of the BDM method, the 
person states a bid (for a good to purchase). The bid is then compared to a randomly deter-
mined offer price, that is, the price at which the good is made available to the bidding person. 
If the person’s bid is higher than the offer price, the item is sold at the offer price. If the bid is 
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below the price, no transaction happens and no payment is made. In this context, revealing 
one’s true willingness to pay through the bid is a strictly dominant strategy. 
In a study on willingness to pay for water filters in northern Ghana, Berry, Fischer & 
Guiteras (2019) demonstrated that the mechanism can be usefully applied even in contexts of 
low numeracy among the respondents. To ensure that our respondents really understand the 
process, we explained each step of the procedure and followed it up by carrying out two 
rounds of the BDM mechanism with unrelated goods, first with a piece of soap, and then with 
a lighting bulb. If the respondents’ bid was higher than the offer price, they paid the offer price 
and received the goods. Hence, by the time the respondents reached the LPG assessment, they 
were quite familiar with the procedure and had experienced that the implications of their de-
cisions were real and binding. 
With respect to LPG, the implementation of the BDM mechanism required adjustments 
due to the specific context of the study. First, real transactions with LPG cylinders are not 
possible, since LPG supply regulations in India imply that households can only purchase the 
refill from official distributors of oil marketing companies, and that, too, only once they have 
used and returned their empty cylinder. Hence, instead of concluding the transaction by sell-
ing an LPG cylinder at the reduced offer price to successfully bidding respondents, we handed 
out vouchers for the purchase of the next cylinder. 
Second, we aim to elicit the WTP for LPG not as a good used only rarely for special occa-
sions, but on a more regular basis, i.e., under the condition of increased use. This cannot be 
achieved simply by providing households with the offer to buy an additional cylinder. As our 
sample only includes households that plan to buy a refill at some point over an infinite time 
horizon, all of them should be willing to purchase one at the market price pm. 
To obtain the relevant information on the WTP for increased consumption, the additional 
LPG use must be observable during a pre-specified period, i.e., before a certain deadline. As 
mentioned earlier, we chose a deadline relative to current use. More specifically, we fixed a 
specific deadline for each household that would require this household to consume the re-
mainder of the LPG in the cylinder currently in use twice as quickly than under normal cir-
cumstances (see Appendix H for calculation details). The expiry date was clearly communi-
cated to the respondent and written on the voucher. We also monitored that it was respected 
by the distributors. 
We thus asked the respondents to make their bid for a new LPG cylinder under the condi-
tion of using up their current cylinder until the deadline. This bid was then compared to the 
randomly drawn discounted offer price pd. The corresponding discount D over the market 
price pm of ₹480 was designed to fall in the interval between ₹5 and ₹235. Larger discounts 
were not expected to be necessary. The offer price itself was then between ₹245 and ₹475 and 
drawn from number cards in front of the respondents (for details, also on the choice of the 
price range, see Appendix I). 
When the respondents stated a WTP which was at least as high as the offer price, and hence 
the (offered) discount (D) was greater than or equal to the required compensation for the in-
creased use of LPG, they received the voucher, and they knew that they were expected to buy 
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the next cylinder before the expiry date indicated on the voucher (see full protocol of WTP 
elicitation mechanisms as well as details on vouchers in Appendix H). 
Unlike in the prior examples with the soap and the light bulb, we could not enforce, how-
ever, the final sale. This violates the conditions of the BDM mechanism because stating a bid 
that reveals the true required compensation is then no more a strictly dominant strategy. In-
deed, it does no harm to consumers to make a higher bid since if they bid high enough to get 
the voucher, they do not need to make actual use of it. At the same time, it does not make them 
any better off to place a higher bid than the one that corresponds to their genuine willingness 
to pay. Hence revealing the truth remains a weakly dominant strategy.  
In any case, a rational respondent will never make a bid that is too low. If at all, WTP will 
hence be overestimated by the procedure we chose. This may add to the effect we could obtain 
due to the fact that people under both the health and the alternative frame were confronted 
with some discussion on LPG (see above). For both reasons, average WTP obtained in our 
survey can be considered as an upper bound of the respondents’ true WTP.  
Note that the estimate of the health messaging effect should not be biased due to the en-
forcement problem. This is because there is no reason to believe that it might affect the treat-
ment and the control group in different ways. 
7.4.4  Increase in LPG consumption 
In the second part of our empirical analysis, we compare the actual voucher use by the house-
holds in the treatment and in the control group. Since the vouchers could be used only until 
the expiry date, the use of the voucher implies that the household truly consumed the remain-
ing LPG in their current cylinder more quickly than usual, and that the incentive of the dis-
count on the next cylinder was sufficiently strong to trigger this behavioral change. In addi-
tion, actual voucher use provides some insights into the sustainability of the initial impression 
made by the health messaging. 
Two distinct factors should be considered in this context:  
First, while most of the time, the health information is only transmitted to the female re-
spondent who also provides the statement on WTP, the choice to double LPG consumption or 
not is the result of an intra-household decision-making process involving several household 
members. The actual purchase is usually carried out by men. These male family members (i) 
do not directly obtain the health message and (ii) will usually be less smoke-exposed than their 
spouses. Unless the information is transferred within the family very convincingly, this should 
reduce the effect of health messaging. Furthermore, the effect of health messaging should de-
pend on the power of the respondent within the intra-household decision-making process.    
Second, over time, the impression made by the health messaging may simply fade away. 
In the most extreme case, the information could be fully forgotten, in which case the interven-
tion would have a zero effect on voucher use. In contrast, sharing health information and dis-
cussing it among family members may also increase its influence on the purchasing decision 
due to further reflection upon the topic, and respondents may develop a stronger preference 
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for LPG when they are continuously exposed to the toxic smoke from the chulha after having 
learned what this exposure implies for their health. Depending on which of these causal chan-
nels dominates, health messaging may have a stronger or weaker effect on actual consumption 
behavior. The effect may also be stronger or weaker than what the respondents’ immediate 
reaction measured in terms of their WTP may lead us to expect. 
7.5 Results 
In a first step, we test whether our randomization allows us to successfully split the sample 
into two groups that are similar in all aspects that could be relevant for WTP and voucher use. 
Table A 12 in Appendix G compares the means of both groups for a number of variables in-
cluding socio-economic characteristics such as the respondents’ age, education, religion, 
household size, their social category and proxies of income and wealth such as assets and land 
ownership.96F96 Further variables describe the households’ fuel choice and cooking behavior and 
capture preferences for and access to LPG: The average consumption of LPG, distance to the 
LPG sales point (zero in case of home-delivery), perceived convenience of LPG, knowledge 
about LPG subsidies and stated barriers to regular LPG consumption such as high refill costs 
or safety concerns. Finally, there are variables directly related to current LPG use and the con-
ditions under which respondents were bidding, such as the number of days until the voucher’s 
expiry date (voucher validity) and the content of the current cylinder at the time of the survey. 
Across all 25 variables, none of the differences in means is statistically significant at the 10 % 
level. This implies that potentially confounding factors are well balanced across the two ex-
perimental groups. 
The same holds if we limit the sample to those respondents who obtained a voucher (see 
Table A 13 in Appendix G). Apart from a small difference in the share of Hindus and Muslims, 
the two experimental groups only differ with regard to WTP for LPG, which is a desired effect 
of our intervention. A description of all variables and summary statistics are provided in Table 
A 14 in Appendix G. 
7.5.1  Impact on willingness to pay 
Given the successful balancing of potentially confounding variables, we can now compare 
WTP for the treatment and the control group. Overall, the health messaging leads to an aver-
age increase in WTP of about ₹10 (from ₹352 to ₹362, see Table 5 below). 
The effect is not large, but the intervention was only very short and carried out by enumer-
ators that were strangers to the respondents. Under conditions of more sustained health mes-
saging by trusted health workers or members of the local community, the effect might have 
been much stronger. Furthermore, remember that the estimate reflects the net effect of health 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
96 The data and code required to replicate all findings reported in this chapter is available here: https://doi.org/10.1371/jour-
nal.pone.0231931.s006. 
Energy transitions Health awareness and the transition towards clean cooking fuels 
124 
 
messaging, and that the gross effect could be larger if the time of the communication on LPG 
has a positive effect by itself. 
To provide some more detail on this result Figure 10 displays the cumulative distribution 
of the respondents’ stated WTP in both treatment groups.  
Figure 10 WTP for LPG conditional on increased use, by experimental group 
 
The share of respondents that accepted prices in the upper half of the price range is con-
sistently higher among subjects who were confronted with the health information. Figure 10 
also shows that the estimated median WTP is at ₹350 per cylinder. Since these estimates must 
be considered as an upper limit of the true WTP of our respondents (see 7.3), they are well in 
line with the results of an earlier large-scale household survey in six Indian states, which sug-
gest that households who are interested in adopting LPG would be ready to pay ₹300 per 
month (median) to cover all cooking needs with LPG (Jain et al., 2018). While health messaging 
increases WTP, substantial additional subsidies will still be required to induce poor house-
holds to become more regular LPG consumers. 
Apart from the direct effect of our intervention and the respondents’ price-elasticity of de-
mand, their stated WTP may be influenced by some additional factors. In particular, our pre-
vious discussion suggests that gender differences due to differences in smoke exposure and 
time spent cooking should affect the impact of health messaging.  
It may also be relevant to control for the content of the current cylinder and the time left 
until the voucher needs to be used. Few households had a full cylinder at the time of the sur-
vey, such that the requirement to speed up consumption referred to different absolute quanti-
ties. Households might agree to a lower compensation when their cylinder is already partly 
used. Similarly, the absolute time period over which the behavioral change to double LPG 
consumption is required varies between households. Due to differences in the usual speed of 
consumption, this may be true even if the filling of the cylinders is initially the same for two 
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households. In principle, this could have implications for WTP, too. For instance, households 
might feel that a behavioral change over a small period of time – maybe maybe just a few 
days – is easier to achieve than a change over many weeks. In this case, WTP should be higher 
if the survey happens closer to the date at which the next refill would have been required 
anyway. However, one could also imagine that having more time enables the household to 
plan the increased consumption in a better way, i.e., by using LPG rather than the chulha when 
many guests are in the house, which may not happen that frequently. Moreover, time prefer-
ence would imply that a compensation to be received in the far away future would be valued 
less than a payment one could receive within a few days. 
Whether these considerations do affect the respondents' stated WTP, and if so, in which 
direction, will be examined below. We will also add further controls for potentially relevant 
household characteristics. 
7.5.2  Multivariate regression analysis for WTP 
Table 5 presents the results with Column 1 as a baseline, a dummy variable for male respond-
ents and its interaction with the treatment variable in Column 2, and a number of key control 
variables in Columns 3 and 4. 
While Column 1 shows the already discussed effect of the intervention without any other 
variables, in Column 2 we distinguish between the effects for male and female participants of 
our survey. As mentioned already, there are only few male respondents in our sample and 
they systematically differ from average men in the communities of interest. In most cases, these 
men belong to very traditional families, as they did not allow their spouses to talk to the enu-
merators. This also suggests a highly unequal balance of power in these households. Our sam-
ple therefore does not allow us to provide general estimates for heterogeneous treatment ef-
fects between women and men. Yet, it is important to understand to which extent the specific 
households in which we interviewed men rather than women are different, and thus affect our 
results. Furthermore, the differentiation by gender within our sample can provide some sug-
gestive evidence as a basis for the analysis of gender effects in future research. These consid-
erations lead us to systematically present whatever suggestive results we have, calling for ver-
ification in future studies.  
Note that due to the inclusion of the interaction term, the coefficient estimate for health 
messaging now refers to female respondents alone. With a point estimate of about ₹14 it is 
higher than the average for all respondents (male and female) in Column 1. Correspondingly, 
the negative coefficient of the interaction term suggests that men in our sample react to health 
messaging much less than females. In other words, at least for the specific selection of male 
respondents in our sample, results are in line with our expectations. The main effect of the 
dummy for male respondents further indicates that within our sample, men generally state a 
much higher WTP than women. This seems to be a common result for WTP assessments in 
households in which women are not used to committing to major payments, and does not 
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specifically relate to LPG (see also Beltramo et al., 2015). In our sample, only 3 % of women 
report taking decisions on the purchase of durable goods on their own. 
Table 5 Treatment effect on WTP, including controls 
 (1) (2) (3) (4) 
Health message 10.237∗ 13.777∗∗ 12.175∗∗ 13.166∗∗ 
 (0.065) (0.013) (0.036) (0.046) 
Male  31.863∗∗ 54.111∗∗∗ 42.714∗∗ 
  (0.014) (0.001) (0.014) 
Health message X Male  -41.385∗ -62.277∗∗ -53.083∗ 
   (0.072)  (0.020)  (0.068) 
Voucher validity   -0.283 -0.298 
   (0.178) (0.199) 
Content   4.245 5.845 
   (0.766) (0.698) 
Asset index    0.342 
    (0.906) 
Land    15.647∗∗ 
    (0.029) 
LPG distance    -0.170 
    (0.673) 
Fin. restriction    -14.355 
    (0.172) 
Education    3.402 
    (0.289) 
Age    -0.341 
    (0.316) 
Household size    -0.853 
    (0.574) 
Months since LPG adoption    -0.191 
    (0.645) 
Constant 351.678∗∗∗ 348.846∗∗∗ 352.230∗∗∗ 366.083∗∗∗ 
 (0.000) (0.000) (0.000) (0.000) 
N 539 539 468 455 
Adj.  R2 0.003 0.008 0.017 0.019 
* p < 0.1, ** p < 0.05, *** p < 0.01. p-values based on standard errors clustered at village level 
in parentheses. For the additional variables in Columns 3 and 4 complete data is not 
available for the full sample, resulting in a smaller number of observations. 
Column 3 then adds controls for the remaining content of the cylinder at the time of the 
survey, and the period of validity of the voucher. Neither of the two are significant. This 
suggests that neither variable plays a major role in determining the compensation for 
increased consumption requested by the household. Rather, households seem to just consider 
the required change in behavior in terms of the relative increase in consumption, no matter 
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the period over which this change is requested, and no matter what absolute quantity of LPG 
consumption this implies. 
Column 4 further adds a number of other control variables that might be relevant for the 
willingness to pay. The only significant variable is the dummy for land ownership, reflecting 
that wealthier households owning some land tend to have a higher WTP. Note that the effects 
of the control variables (or the lack thereof) should not be over-interpreted as some of them 
are highly correlated. They are included mainly to show the robustness of the main results. 
The estimated treatment effect remains positive and significant throughout (with little change 
in size across Columns 2 to 4 in which it refers to females).  
7.5.3  Impact on voucher use 
So far, the results thus confirm our hypotheses. But is the voucher that allows the household 
to buy the next LPG cylinder at or below the price of reported WTP actually used? Does it 
indeed lead to the requested behavioral change of doubled consumption until the given dead-
line? Overall, in 303 out of 539 conducted BDM procedures, the respondent’s bid (i.e., stated 
WTP) was sufficiently high to receive a voucher. The voucher values, i.e., the discounts offered 
on the purchase of the next LPG cylinder, range from ₹5 to ₹235, and about 70 % of them lie 
above ₹150. For 296 vouchers handed out to households we could trace whether the benefi-
ciary had used the voucher to cover a part of the household’s next LPG purchase. 
It turns out that only 35 % of these 296 households actually used the voucher. Unfortu-
nately, we are unable to disentangle the different possible reasons discussed above, and any 
combination of these could be responsible for this result. What we can examine, however, is 
the extent to which our intervention, namely the health messaging, affected the actual use of 
the voucher. 
Effect of health messaging on voucher use among voucher owners 
Given the binary nature of the dependent variable, we proceed with logistic regressions pre-
senting both odds ratios and predicted probabilities. For comparison, the supporting infor-
mation of this study’s online publication 97F97 further includes the code for linear probability mod-
els, which show very similar results. Just as in our analysis of WTP, we first present a simple 
bivariate estimation of the treatment effect and progressively add more variables. 
Based on the 296 available observations, we find a strong and significant effect of health 
messaging on voucher use. Table 6, Column 1 indicates that the odds of using the voucher are 
1.63 times higher for households that received the health message. This corresponds to an in-
crease in the probability of voucher use by 0.11, from 30 to 41 % (see also Table 7). The treat-
ment hence increases the probability of voucher use by more than one third. 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
97 Available here: https://doi.org/10.1371/journal.pone.0231931.s006. 
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The effect is even more remarkable given that quite some time passes between the treat-
ment and potential voucher use, and given the required intra-household transfer of the infor-
mation. In addition, since spill-overs between the treatment and control group cannot be 
avoided during the period until voucher use, this result represents a lower limit of the actual 
effect. Finally, as before, we should remember that we only estimate the net effect of health 
messaging, not including the possible impact of LPG-related communication time, which was 
the same for both treatment groups. 
Table 6 Treatment effect on voucher use, including controls 
 (1) (2) (3) (4) 
Health message 1.628∗∗ 1.396 1.633∗ 1.950∗∗ 
 (0.047) (0.198) (0.083) (0.029) 
Male  0.885 1.004 1.569 
  (0.826) (0.995) (0.515) 
Health message X Male  8.379∗∗ 5.948∗ 4.280 
  (0.030) (0.087) (0.190) 
Voucher validity   1.002 0.999 
   (0.880) (0.963) 
Content   0.460 0.379 
   (0.312) (0.228) 
Asset index    1.076 
    (0.473) 
Land    1.231 
    (0.504) 
LPG distance    1.025∗ 
    (0.088) 
Fin. restriction    1.702 
    (0.127) 
Education    1.012 
    (0.931) 
Age    0.981 
    (0.325) 
Household size    0.878∗ 
    (0.098) 
Months since LPG adoption    1.038∗ 
    (0.055) 
WTP for LPG    0.995∗∗ 
    (0.033) 
Constant 0.429∗∗∗ 0.435∗∗∗ 0.524∗∗ 4.362 
 (0.000) (0.000) (0.030) (0.226) 
N 296 296 254 247 
Area under the ROC curve 56% 58% 62% 72% 
Logit models with odds ratios, * p < 0.1, ** p < 0.05, *** p < 0.01. p-values in parentheses. Lack 
of data on the additional variables included in Columns 3 and 4 lead to a reduction in the 
number of observations. 
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Columns 2 to 4 of Table 6 add a differentiation by gender of the respondent and further 
controls. Due to the interaction term with the dummy variable for male respondents, odds 
ratios shown for health messaging in these models refer to female respondents only. In con-
trast to theoretical expectations, it seems that the positive and significant overall effect is now 
primarily driven by the few male respondents in our sample. The interaction term itself, which 
shows how much the effect of health messaging differs between male and female respondents, 
is strong and significant in two out of three regressions. It indicates that for the male respond-
ents, the odds ratio of health messaging is eight times as high as for the female respondents in 
our sample (Column 2). Adding further controls somewhat reduces this difference, but the 
estimate remains sizeable. Furthermore, for men alone, the treatment effect is always positive 
and significant (not shown), while this is not the case for female respondents (cf. Column 2). 
This is surprising since the male respondents in our sample initially did not seem to react to 
the treatment---as measured by their statement on WTP. 
This suggests some interesting household dynamics after the visit by our enumerators. Due 
to their lack of power within the household, women might have more difficulties in transform-
ing their initially voiced preferences into the household’s final purchasing decision. Hence, 
even if their greater exposure to smoke leads them to react more strongly to health messaging 
in the first place, they may not always be in a position to actually push for a greater use of 
LPG. Men, once convinced, do not have this problem. At the same time, they seem to require 
more time to react to the health information received. They might first cross-check this infor-
mation and/or discuss the issue within the family and with friends. This suggests that consid-
ering given power relations within rural Indian households, it is important to convince men 
about the health benefits of LPG, and not just women. Further research is required to examine 
heterogeneous effects of health messaging and intra-household decision-making on fuel 
choices.  
Table 7 Predicted probabilities of voucher use 
 No health message Health message Difference p-value N 
Total 0.273 0.437 0.164 0.005 247 
Females 0.266 0.401 0.135 0.026 225 
Males 0.354 0.791 0.437 0.019 22 
Estimates are based on the logit model presented in Table 6, Column 4. 
Adding further control variables substantially improves the overall prediction of voucher 
use as indicated by the receiver operating characteristic (ROC) curve, notably in Column 4. In 
this specification, the estimate of the treatment effect is even higher than before. Table 7 pre-
sents the results of this model in terms of predicted probabilities, across experimental groups 
and gender of the respondents. It indicates that health messaging increases the probability of 
voucher use by 0.16 overall, which reflects the 14 pp increase when the health messaging was 
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delivered to women, and a massive 44 pp increase for the few cases in which the messaging 
was delivered to men. 
Regarding the individual control variables, there is no surprise. As before, many of them 
are insignificant, this time including the indicators we use for wealth and income. This is con-
sistent with our model since household budget is as relevant for U0 without the voucher as for 
U1 with the voucher and hence cancels out for ΔU (see Appendix E). The significant control 
variables are distance from the sales point, household size, months since LPG adoption, and 
WTP. 
The latter may deserve some additional explanation. The odds ratio for WTP is smaller 
than one, reflecting a negative relationship between WTP and voucher use. At first glance, this 
may seem unexpected. However, WTP is, by design, negatively related to the discount. House-
holds obtain the vouchers only if their stated WTP is higher than the randomly drawn, dis-
counted offer price. Hence, the higher this price (i.e., the lower the discount D), the higher their 
WTP must be for them to be included in the sample for the estimations in Table 6. 
The latter also leads to a more general risk of selection bias, even when we control for WTP. 
The average WTP in the sub-sample of voucher owners is significantly higher than the WTP 
of those respondents who did not receive a voucher (₹390 versus ₹314). As a result, the sub-
sample may not be representative of our initially drawn sample of typical PMUY users. 
This problem also affects our estimate of the treatment effect. As the health messaging af-
fects WTP, it also affects the selection into the sub-sample of voucher owners. Studying the 
treatment effect within this sub-sample will thus not provide us with a valid estimate for the 
full impact of our intervention. 
7.5.4  Joint effect of health messaging on voucher use 
In order to avoid the selection problem discussed above, we additionally estimate the joint 
effect of health messaging on voucher use. That is, we now use the total sample of respondents, 
no matter whether they obtained a voucher or not, and set the outcome variable voucher use to 
zero for those respondents who did not receive a voucher in the first place (as their WTP was 
below the randomly drawn offer price). The share of voucher users in the total sample of 
households in our sample is now 20 % (among voucher owners only, it was 35 %). We use a 
fixed effect for each offer price, as the chance to obtain a voucher with a given WTP increases 
with decreasing offer prices. The fixed effects will thus provide a substantial part of the expla-
nation for the zero-values in the outcome variable. 
Table 8 shows the results of logit models similar to those in Table 6. Without offer-price 
fixed effects, being confronted with the health message increases the odds of a household us-
ing a voucher (and thus demonstrating doubled consumption) by a factor of 1.44 (Column 1). 
This corresponds to an increase in the probability of using a voucher by 0.06, from 17 to 23 % 
(see code and data provided in online publication). While the absolute value of the increase is 
smaller than in the sub-sample of voucher owners (0.06 as compared to 0.11), in relative terms, 
the increase is thus as important as before. In both samples, the treatment increases voucher 
Energy transitions Health awareness and the transition towards clean cooking fuels 
131 
 
use by more than one third. By adding offer-price dummies in Columns 2 to 4, the overall 
quality of the prediction markedly increases as indicated by the area under the ROC curve. 
This reflects the relevance of the price effect. The estimate of the treatment effect also becomes 
more precise, and larger than before. 
Table 8 Joint effect of health information on voucher use 
 (1) (2) (3) (4) 
Health message 1.444∗ 1.616∗∗ 1.504 1.942∗∗ 
 (0.095) (0.046) (0.111) (0.026) 
Male   1.484 2.450 
   (0.496) (0.212) 
Health message X Male   2.383 1.479 
   (0.263) (0.674) 
Content    0.351 
    (0.174) 
Voucher validity    0.999 
    (0.915) 
Asset index    1.078 
    (0.441) 
Land    1.247 
    (0.468) 
LPG distance    1.027∗∗ 
    (0.049) 
Fin. restriction    1.312 
    (0.437) 
Education    1.035 
    (0.778) 
Age    0.978 
    (0.220) 
Household size    0.870∗ 
    (0.056) 
Months since LPG adoption    1.025 
    (0.174) 
Constant 0.203∗∗∗ 0.461 0.428∗ 0.922 
 (0.000) (0.117) (0.094) (0.933) 
N 532 465 465 396 
Offer price fixed effects No Yes Yes Yes 
Area under the ROC curve 55% 70% 71% 77% 
Logit models with odds ratios, * p < 0.1, ** p < 0.05, *** p < 0.01. p-values in parentheses. As 
some of the highest offer-prices perfectly predict failure to use the voucher, and as the ad-
ditional control variables have some missing values, Columns  2 to 4 include a smaller 
number of observations. 
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In terms of the differences between male and female respondents in our sample, the results 
point in the same direction as before, but the interaction term is insignificant (Column 3). 
When including control variables in Column 4, our results suggest that health messaging al-
most doubles the odds of voucher use among the households with female respondents (odds 
ratio = 1.94). The point estimate for the few male respondents is again even higher, but the 
difference remains insignificant. Table 9 shows these effects in terms of predicted probabilities, 
for the whole sample and by gender of the respondents. 
Table 9 Predicted probabilities of voucher use 
 No health message Health message Difference p-value N 
Total 0.167 0.267 0.100 0.011 396 
Females 0.157 0.249 0.091 0.024 366 
Males 0.287 0.490 0.202 0.215 30 
Estimates are based on the logit model presented in Table 8, Column 4. 
While we have so far used fixed effects to account for differences in the offer price, we can 
also include the offer price pd directly as an explanatory variable. This also allows us to directly 
interpret the relationship between prices and voucher use (see Appendix I). In line with the 
predictions of our theoretical framework (7.3), we find that price reductions have a strong 
positive effect on the household’s purchasing decision. Across all available observations, a 
price discount of ₹40 (8.3 % of the current subsidized price of a new cylinder) is estimated to 
increase the probability of voucher use on average by about 10 pp. This corresponds to the 
estimated impact of health messaging.  
The effect of health messaging remains relatively stable across the range of discount values, 
and hence, there is little evidence that the two measures interfere with each other (see Figure 
A 9 in Appendix I). This implies that health messaging can be usefully topped up by price 
reductions to reach an even greater overall effect on demand. 
7.6 Testing the information channel 
While we argue that the success of the intervention is based on the respondents’ greater health 
awareness, this has not been directly tested so far. In this last part we will thus assess the effect 
of the health messaging on health-related knowledge. To that aim, we compare post-interven-
tion responses of the treatment and the control group to several questions regarding the health 
hazards related to traditional cooking (see Appendix H) for post-intervention questionnaire).  
First, we examine the response to the question whether traditional cooking affects health 
slightly, severely, or not at all. Our dependent variable is a binary indicator of the belief that 
there are serious health hazards involved.  
Without any further information, respondents knew very little about health hazards re-
lated to smoke from the chulha, leaving much scope for improvement: under the alternative 
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frame, only 13 % believed that there were serious health hazards related to cooking with tra-
ditional biomass, while 60 % believed that there were just some minor transitory effects, and 
27 % were of the opinion that there were no health effects at all. 
This was also confirmed in complementary qualitative interviews with other households 
prior to the experiment. When women were asked about health effects, they primarily thought 
of these as temporary irritations such as coughs or watering eyes, and stated that these were 
not problems of any major consequence, but rather something to get used to over time. A com-
parison of our findings with previous surveys in India (Aklin et al., 2016; Desai & Vanneman, 
2015; Jain et al., 2018) hence underlines the importance of enquiring specifically about 
knowledge of serious health risks. According to a large survey among rural Indian households 
in 2018 (Jain et al., 2018), 84 % of those who relied on biomass as primary cooking fuel stated 
that cooking with LPG is better than using a traditional cookstove regarding the health impact. 
This may be seen as indication that most households are aware of adverse health impacts re-
lated to using biomass. While this share is comparable to the proportion of households who 
are aware of some (major and minor) health impacts in our sample, the results from our more 
detailed questionnaire demonstrate that this is merely superficial knowledge and that the vast 
majority of these families lack awareness of the severe health risks related to household air 
pollution. 
In the context of such limited initial knowledge, health messaging led to a strong and 
highly significant increase of reported awareness of serious health hazards. Among respond-
ents that received the health information, 48 % report to be aware of serious adverse health 
effects, i.e., reported awareness is four times as high as before. The total share of individuals 
who reported to be aware of health risks (serious or less serious) increased to 94 %.  
Table 10, Column 1 presents the results for severe effects, distinguishing by gender. 
Among female respondents, 12 % of the untreated report that they are aware of severe health 
issues as compared to 46 % (12 + 34 %) of the treated. There are no significantly different re-
sponses for male respondents. All results are robust to the addition of further control variables 
(not shown).  
Of course, the treatment effect of the health message may be partly due to social desirability 
bias: after the information treatment, respondents know that a positive answer is expected and 
might hence pretend to be aware of severe health hazards even without fully understanding 
or being really convinced. 
  
Energy transitions Health awareness and the transition towards clean cooking fuels 
134 
 







Health message 0.343∗∗∗ 0.150∗∗∗ 0.066∗∗∗  
 (0.000) (0.000) (0.000) 
Male 0.132 -0.176∗∗∗ -0.115∗∗∗ 
 (0.116) (0.000) (0.000) 
Health message X Male 0.157 0.029 0.023 
 (0.174) (0.590) (0.570) 
Constant 0.118∗∗∗ 0.280∗∗∗ 0.482∗∗∗ 
 (0.000) (0.000) (0.000) 
N 503 539 539 
Pseudo R2 / Adj. R2 0.140 0.096 0.084 
Column 1 shows average marginal effects based on a logit model, as the depend-
ent variable is binary. Columns 2 and 3 show linear regression models. * p < 0.1, 
** p < 0.05, *** p < 0.01. p-values based on standard errors clustered at village 
level in parentheses. 
We thus consider a second dependent variable, which requires concrete knowledge about 
health hazards incurred when using traditional solid fuels for cooking. This variable reflects 
the share of diseases related to indoor air pollution (IAP) correctly identified within a set of 
ten diseases out of which only six are indeed related to IAP. Column 2 presents the results. 
They confirm those of the previous estimation. Our brief health message increases the share 
of correctly identified smoke-related diseases by 15 pp for female respondents---and similarly 
for male respondents since the interaction term is very small and statistically insignificant. 
Independently of the health messaging, in our sample, female respondents generally recognize 
diseases related to traditional cooking substantially better than male respondents. 
As a third dependent variable, we examine the share of correctly identified diseases among 
all ten diseases. A value of one on this variable implies that not only the IAP-related, but also 
the IAP-unrelated diseases are correctly identified. This ensures that high values on the de-
pendent variables cannot be obtained simply by responding in a way that relates all kinds of 
diseases to cooking habits. Hence the values of this variable cannot be driven by social desir-
ability bias. When using this variable, the treatment effect is smaller (only about 7 pp), but 
remains highly significant (see Column 3). As before, the treatment effect does not differ be-
tween male and female respondents, i.e., there seems to be no difference regarding the capacity 
to absorb the health information we provide. But again, overall, women recognize the relevant 
diseases substantially better than the men in our sample. Unless the difference is driven by the 
particular selection of men among our respondents, this gives some plausibility to our expec-
tation that women who are exposed to smoke on a daily basis may find the knowledge about 
smoke-related diseases more important than men. This could explain why they tend to be 
somewhat better informed already prior to our intervention.  
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In sum, the empirical evidence thus confirms that the intervention increases the respond-
ents’ knowledge about the health hazards related to traditional cooking. Despite some differ-
ences in initial knowledge, this is true for both women and men in our sample, with no ob-
servable difference in the treatment effect. This implies that the differences we observed be-
tween male and female respondents regarding the impact of health messaging on WTP and 
voucher use cannot be explained by differences in the capacity to absorb the information we 
provide. While additional research is required to confirm these results with a representative 
sample of women and men, this is in line with our theoretical argument, which suggests that 
gender differences should be driven by differences in the salience of the information rather 
than by the information itself. Of course, as we have seen, such differences may be overridden 
by practical constraints related to the limited power of females in household decision making 
over expensive items. 
7.7 Conclusion 
Traditional cooking habits based on the use of solid fuels such as cow dung and firewood 
affect a range of SDGs. In particular, they generate severe health hazards. With an estimated 
846 million people being exposed to household air pollution in India, the corresponding health 
burden is particularly high (Health Effects Institute, 2019). This paper examined to what extent 
health messaging for poor rural households can mitigate the problem. Based on a survey in 
rural Bikaner district (Rajasthan), we analyzed the effect of a health messaging intervention on 
willingness to pay and the propensity to consume more LPG, a clean fuel, which all of our 
sample households already have access to in principle through the Indian government’s 
PMUY program.  
Our results show that health messaging increases the reported willingness to pay for LPG, 
and leads to substantially higher actual consumption among households who currently use 
LPG only on a very infrequent basis. We measure this based on a voucher which can only be 
used if LPG consumption is doubled until a certain deadline. Households exposed to health 
messaging use the voucher about 30 % more often than households exposed to a placebo treat-
ment. We further show that the impact of our very brief, but concrete health messaging is as 
strong as a decrease in the price of a new LPG cylinder by about ₹40. 
Obviously, health messaging does not need to be considered as an alternative to price re-
ductions. Our results confirm prior studies indicating that the willingness to pay for regular 
LPG use by a typical poor rural household is considerably below the current regulated market 
price of ₹480 per cylinder. It may thus be useful to combine health messaging and price reduc-
tions. We find that these two measures do not interfere much with each other and can thus be 
decided upon independently. 
Our results also confirm that the health messaging indeed increases the respondents’ 
knowledge about smoke-related diseases, which is an important precondition for the causal 
effect we claim. It should be noted that without any health messaging, the relevant knowledge 
is extremely low. Among the untreated, only 13 % of all respondents believe that cooking with 
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traditional biomass entails any serious health risks. This percentage increases to 48 % in the 
treatment group. The low initial knowledge may be one reason why we find such substantial 
effects on LPG use.  
Our empirical estimation was not designed to estimate heterogeneous treatment effects 
between women and men. Nevertheless, our study suggests some potentially relevant, and 
partially unexpected gender differences that call for further investigation in future work. In-
dependently of these results, given that women often lack decision-making power on major 
purchases, knowledge building should not target women alone. 
 






Four years after the adoption of the Sustainable Development Goals (SDGs) progress has been 
made in some areas, such as in the eradication of extreme poverty. But, as noted by UN Secre-
tary-General António Guterres, “it is abundantly clear that a much deeper, faster and more 
ambitious response is needed to unleash the social and economic transformation needed to 
achieve our 2030 goals” (UN, 2019: 2). 
Taking effective action requires a strong knowledge base: scientific evidence plays a key 
role in identifying measures that may accelerate progress across the dimensions of sustainable 
development, in designing policies, and in evaluating their impact. It is particularly important 
to understand how individual goals are interconnected and recognize that transformative 
change can only be achieved through a systemic approach that seeks to maximize co-benefits 
while identifying trade-offs and mitigating their consequences. In my doctoral thesis, I seek to 
address some of these interlinkages.  
The aim of my scientific work is to contribute to the knowledge in an area that is considered 
one of the most promising starting points for achieving the desired transformations related to 
the SDGs at the required scale and speed: energy decarbonization along with universal access 
(Independent Group of Scientists appointed by the Secretary-General, 2019: 75–83). Independ-
ent assessments of the global progress on the SDGs highlight the urgent need to transform the 
global energy system, with a fundamental shift in favour of renewables in the energy mix and 
a significant increase in energy efficiency. In the second half of the century, the global energy 
system is expected to have transitioned to net zero CO2 emissions in order to meet the goals of 
the Paris Agreement, through carbon pricing and the phasing out of fossil fuel subsidies, 
amongst other things. At the same time, all stakeholders are requested to ensure universal 
access to modern energy services, notably by accelerating the provision of clean electricity and 
by prioritizing the shift away from polluting fuels and stoves to clean cooking solutions (ibid.). 
Within this wide-ranging subject area, this dissertation has dealt with research questions 
in two fields of action that are interlinked with each other and in which progress has proved 
to be particularly challenging: first, fossil fuel subsidies, and second, access to clean cooking 
solutions. The following sections recapitalize my main findings and point out potential ave-
nues for further research.  
Research on fossil fuel subsidies is relatively novel but has grown rapidly in recent years. 
The scholarly and grey literature reviewed in Chapter 2 documents the enormous financial 
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volumes of government support to the production and consumption of fossil fuels and pro-
vides evidence of their negative effects on the ecological, economic, and social dimensions of 
sustainable development. Universal fuel subsidies fail as a social policy instrument because 
they largely benefit the more affluent and create distorted economic incentives. In the energy 
sector, the volume of fossil fuel subsidies still dwarfs the support for renewable energies. Sub-
sidies for fossil fuels provide incentives for the over-consumption of fossil fuels, and model-
ling studies and cost-examinations in selected countries show how subsidizing fossil fuels can 
threaten the economic viability of low-carbon energy. 
In Chapter 3, this thesis complements this evidence with an empirical analysis on the ag-
gregate level. In a study co-authored with Paula Castro, we examine whether – across coun-
tries – fossil fuel subsidies impede the deployment of renewable energy, taking into account 
policies that subsidize or otherwise support renewables. To that aim, we combine an extensive 
dataset on countries’ renewable energy support policies with country-level estimates of fossil 
fuel subsidies and data on a range of further variables between 2003 and 2013. Using panel 
regressions, we estimate how the subsidy volume per capita is linked to the share of electricity 
generated from non-conventional renewable energy sources. Hereby, the initial stage of re-
newable energy deployment, i.e., a countries’ likelihood to generate any electricity from non-
conventional renewables at all, is examined in a separate model.  
Our main findings provide empirical evidence that, across countries, higher subsidies for 
fossil fuels are linked to a significantly lower share of renewables in electricity production 
when countries already do produce grid-connected electricity from renewables (0.16 % for a 
1 % increase in subsidies, on average). That said, our main estimations do not provide evidence 
for a direct adverse effect of fuel subsidy increases within individual countries. This is presum-
ably because subsidies vary greatly between countries, while fluctuations within countries are 
limited and often lack a clear pattern.  
Our results further confirm the positive effects of subsidies and other financial support 
measures for renewables, stringent environmental policy, and democratic institutions, as they 
all show consistent and substantially relevant links to higher renewable energy shares. 
Regarding the initial stage of renewable energy deployment, our estimations suggest that 
the likelihood that a country produces any electricity from renewables is not directly related 
to the magnitude of fossil fuel subsidies. However, we do not believe that this finding dimin-
ishes the validity of our main results described above, as the decision to install the first facilities 
for electricity production from renewables alone does not necessarily reflect much of the cost 
differential between fossil fuel based and low-carbon energy technologies, respectively.  
According to our estimations, country-level characteristics that have substantial and sta-
tistically significant effects in this initial stage of renewable energy deployment are the reliance 
of a country’s economy on oil production, its potential for renewables compared to other coun-
tries, its general environmental performance and – again – its financial support policies for the 
deployment of renewables. Regarding direct support policies for renewables, we find that they 
substantially increase the likelihood that some part of a country’s electricity is produced from 
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renewable energy sources, whereas between-country differences surpass differences in indi-
vidual countries, just as for fossil fuel subsidies.  
Our study provides the first cross-country empirical evidence of the adverse consequences 
of fossil fuel subsidization on renewable electricity provision. As a policy-relevant insight we 
conclude that reducing fossil fuel subsidies and redirecting public spending towards invest-
ment in low-carbon technologies is likely to effectively benefit the further dissemination of 
renewable energy. Yet, our results do not allow us to identify a causal effect of subsidy policy 
within countries. Hence, further research is needed to strengthen the empirical evidence and 
to provide insights into causal mechanisms on the country level, taking into account the spe-
cific technological and policy environment. The data needed for such studies is likely to be of 
better quality in the future, as longer time series and probably also more comprehensive and 
accurate estimates of subsidies on fossil fuels will be available. The latter requires political will 
by national governments, however, to (at least) step up efforts to measure subsidies transpar-
ently.  
Nevertheless, with this study, the thesis contributes to our knowledge of the diverse con-
sequences of fossil fuel subsidies, especially from an environmental perspective. Understand-
ing these effects and generating profound knowledge on how fossil fuel subsidies affect wel-
fare and its distribution across population groups are key requirements for successful inter-
ventions and policy reforms.  
In particular, the study adds to a growing body of research which documents that intro-
ducing policy measures to internalize carbon costs (including the removal of fuel subsidies) 
can also help to achieve other, complementary objectives in energy policy, such as increased 
energy security through the promotion of renewables. Beyond that, eliminating subsidies that 
encourage wasteful consumption of polluting fuels contributes to various objectives of sus-
tainable development, including the protection of life on land (SDG 15), economic growth 
(SDG 8), and public health (SDG 3) through reduced air pollution. Reorienting resources spent 
on fossil fuels towards education or social security offers further benefits for vulnerable 
groups. 
At the same time, there can be conflicts between the objectives of climate policy and those 
of energy- or development policy. Industry representatives, for example, sometimes express 
concerns about negative short-term effects of carbon pricing on the international competitive-
ness of firms or sectors. Moreover, carbon pricing (including the removal of subsidies for fossil 
fuels) can interfere with the objectives of affordability and distributive justice. These potential 
trade-offs are particularly challenging in low-income and emerging countries, since abolishing 
fossil fuel subsidies commonly increases prices for consumers, thus affecting affordability. The 
greatest burden can arise for poor households which may not be able to meet their basic energy 
needs if the consumption of energy is not subsidized in some form. This includes electricity 
for lighting and clean fuels and appliances for cooking, which are fundamental to human well-
being and economic development.  
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Efforts to improve basic energy access in developing countries are the focus of the scientific 
work in the second part of this thesis. Here I zoom in and examine research questions specifi-
cally related to residential use of clean cooking systems, an area where progress has been very 
limited despite decades of effort. 
Nearly 3 billion people still rely on polluting fuels like solid biomass or coal for cooking 
and heating. Burning these fuels on open fires or inefficient, often unvented stoves causes high 
levels of household air pollution. Due to the high emissions of health-damaging and climate-
active pollutants, household air pollution is responsible for one of the most important global 
health burdens, has major negative effects on the environment and the climate, and impedes 
the economic and social prospects of women and girls. In view of the urgent need to reduce 
mortality from household air pollution and to mitigate climate change, it is of central interest 
for research and development practice to identify the technologies and strategies that are most 
promising to foster household transitions to efficient and clean cooking appliances and fuels 
at scale. 
The literature review in Chapter 4 highlights how diverse and complex the barriers are that 
impede progress towards more widespread access and more frequent use of clean cooking 
solutions. They have much to do with poverty and therefore with the affordability of improved 
technologies, but also with limited opportunities for market development and a lack of access 
to a reliable supply. Also, consumers often do not value cleaner cooking technologies such as 
improved biomass stoves, biogas or liquefied petroleum gas (LPG) because the new appliances 
may not satisfy all energy needs, or because consumers are not aware of the air pollution 
caused by traditional cooking practices. 
Chapter 5 of my dissertation traces the efforts in development cooperation and by national 
governments to provide widespread access to more efficient and cleaner cookstoves and fuels 
during the past four decades. It also shows how the focus of these efforts has evolved over 
time, along with the prevailing view on traditional biomass use and its consequences. The 
priorities of different actors in the sector today vary widely. In international development co-
operation, there still appears to be a strong emphasis on improved biomass cookstoves, despite 
the scientific evidence that emissions from currently available biomass stoves are significantly 
more harmful to health than those from stoves that run on LPG, electricity, ethanol or biogas, 
as documented in the literature review in Chapter 4. The evidence discussed there also sug-
gests that the contribution of improved cookstoves to climate change mitigation and other 
SDGs (like reducing poverty or achieving gender equality) may be limited, whereas there are 
even settings (such as those with high fractions of non-renewably harvested firewood) where 
LPG is likely to outperform improved biomass stoves in terms of climate change mitigation. 
These results have sparked an international debate on where resources in the clean cooking 
sector should be directed to. On the one hand, it is generally well recognized that it will not be 
possible to ensure universal access to clean cooking systems (i.e., stoves and fuels that cause 
minimal health-damaging emissions such as electricity, biogas or LPG) in all parts of the world 
any time soon and that the combined use of stoves and fuels (including traditional biomass) 
will remain a reality for a long time to come. On the other hand, advocates of clean fuels believe 
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the current focus of development cooperation on biomass stoves results mainly from a pre-
dominance of climate mitigation goals over health considerations. They call for a stronger fo-
cus on clean fuels, including LPG as a transitionary solution, until clean cooking systems based 
on renewable energy are available at scale. LPG can be disseminated on a large scale relatively 
easily and has been promoted in multiple national government programs.  
In view of their potentially important development impacts, I seek to identify and explain 
these differences in current donor priorities for clean cooking interventions in Chapter 6, fo-
cusing on LPG and improved biomass cookstoves as the dominant options. In a theoretical 
analysis and empirical assessment of the clean cooking sector, I examine how key institutions 
related to the sector (in the area of health, climate policy, and development) on the global level 
are structuring actor behaviour through the economic incentives and political norms these in-
stitutions’ characteristics provide. Thereby I also consider the governance arrangements in the 
sector as well as the values and ideas underpinning actor preferences. The analysis draws from 
public choice as well as from the literatures on the political economy of aid and on climate 
finance. It triangulates evidence with self-collected data from an online survey among key or-
ganizations in the sector, on the one hand, and from personal expert interviews, on the other. 
I find that some key actors like development banks have recently redirected some of their 
funds to appliances and fuels that reduce polluting emissions to a minimum (including LPG), 
likely as a consequence of now internationally formalized cookstove performance standards 
and the tracking approach for energy access, which both place great emphasis on the cleanest 
alternatives to traditional cooking.  
Yet, support to LPG remains substantially below the efforts that might be expected given 
its scope to reduce the global public health burden. The resource allocation of major multilat-
eral programs and initiatives is strongly determined by the preferences of the bilateral donors 
who are funding them, either directly, or sometimes via climate trust funds. Bilateral donors, 
particularly the European ones, as well as NGOs largely continue to exclusively promote bio-
mass stoves, even though the attention that more advanced, less polluting technologies receive 
has increased. These organizations attach more importance to reducing emissions and pro-
moting renewable energy than to health aspects. In particular, they do not consider increased 
investment in gas production to reduce energy poverty to be consistent with the goal of miti-
gating climate change in the long term, which is why the majority of these organizations op-
pose increased support for LPG. 
My analysis of the financing structure of the sector suggests that international climate pol-
icy provides strong political and economic incentives for a continued focus on biomass in the 
clean cooking sector. The channels through which climate policy shapes the priorities in the 
sector are first political, through emission reduction targets, and second economic, through 
the instruments of public climate finance and the carbon markets. For bilateral donors, in view 
of their restricted means, it is rational to provide support to residential energy access projects 
through public climate finance, through emission reduction certificates, or through budget 
lines tied to climate goals or the promotion of renewables. All these funding instruments are 
built around the primary goal of climate mitigation and are consequently designed in ways 
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that prioritize biomass cookstoves or other technologies based on renewable energy sources. 
That said, as far as market-based approaches are concerned, it is currently uncertain how they 
will evolve in the future, as negotiations on new market mechanisms under the Paris Agree-
ments (Article 6) have not yet been concluded. 
One limitation of the study on donor priorities in the clean cooking sector is that it is not 
yet possible to precisely quantify the total donor contributions to the various technologies, 
mainly because of the complex financing structures, the partly privately organized sectors, 
and large data gaps. Moreover, due to the restriction of the analysis to LPG and improved 
biomass cookstoves, donor priorities and how they are determined might not always be cap-
tured in a comprehensive way. An analysis that considers all alternatives to traditional cook-
ing available in this policy area might hence provide more generalizable findings on current 
donor priorities.  
Nevertheless, my research enhances our scientific understanding of how donor countries 
allocate their resources, particularly regarding the allocation of official development assistance 
for climate policy activities. Michaelowa & Michaelowa (2007) noted that donor countries have 
used development funds at least partially for climate policy purposes for almost thirty years, 
whereas climate-related aid often contributes only indirectly, if at all, to poverty reduction. 
The evidence from my analysis of a specific policy field supports this finding. The authors’ call 
for an explicit recognition of potential trade-offs between goals, a clear definition of priorities, 
and the commitment that development assistance is only invested in those climate policy ac-
tivities that have a strong poverty-reducing impact is therefore as timely today as ever. Both 
international cooperation to reduce greenhouse gases and development cooperation to fight 
poverty and improve global public health are essential. It is, however, important for donors to 
make transparent the main objectives they pursue with interventions in the field of household 
energy and to finance projects that primarily pursue environmental and climate-related objec-
tives through other budget lines. In the context of clean cooking interventions, there are al-
ready first studies that openly state environmental as well as health goals of clean cooking 
interventions and use analytical frameworks that integrate both goals to guide interventions 
(e.g., Rosenthal et al., 2018). This kind of analysis is particularly useful to examine how LPG 
and improved cookstoves could be optimally combined where widespread and exclusive use 
of clean fuels is not realistic in the short term.  
While the international development community has been struggling to transform the 
cooking sector over the past decades, national governments have also been implementing in-
terventions with the same goal. Some of them, including Brazil, Indonesia or Senegal, imple-
mented major programs to promote the transition to LPG. The Indian government in 2016 
launched one of the most important of these programs, the ‘Pradhan Mantri Ujjwala Yojana’, 
which aimed to expand LPG to rural areas. While it has led 80 million households to adopt 
LPG, a major fraction of these households continues to rely heavily on solid biomass for their 
daily cooking. 
In a co-authored study with Katharina Michaelowa, Purnamita Dasgupta and Ishita 
Sachdeva, we evaluated how health-related information about the detrimental consequences 
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of traditional cooking with biomass affects households’ propensity to use LPG more regularly. 
Our experimental evidence from rural Rajasthan is encouraging. We show that health messag-
ing increases the reported willingness to pay for LPG and substantially increases actual con-
sumption. We measure this based on a voucher which can only be used if LPG consumption 
is doubled until a certain deadline. Households exposed to health messaging use the voucher 
about 30 % more often than households exposed to a placebo treatment. We further show that 
the impact of our very brief, but concrete health messaging is as strong as a decrease in the 
price of a new LPG cylinder by about ₹40. 
Importantly, our results confirm prior studies indicating that a typical poor rural house-
hold’s willingness to pay for an LPG cylinder under conditions of regular use is considerably 
below the current regulated market price. Health messaging should therefore not be consid-
ered an alternative to price reductions but may be combined with the latter. In view of the 
harmful effects of universal subsidies, it would be desirable to provide this assistance specifi-
cally to poorer households. Yet implementing a subsidy policy targeted in this way would 
pose a major challenge in both political and practical terms. 
Our assessment of a brief health message hence contributes to strengthening the 
knowledge needed to inform interventions that aim to drastically improve clean cooking ac-
cess, especially regarding the underresearched role of awareness. Due to our limited resources 
in this rather small project, our research is obviously constrained in terms of the period under 
study and the type of intervention. In order to inform effective policy measures, the evidence 
base therefore needs to be further strengthened by evaluating interventions that are even more 
realistic. For instance, it is important to understand the impact of information dissemination 
through local health workers, both immediately and on long-term fuel consumption behav-
iour. Experimental studies along these lines have already been launched. 
Another area that deserves increased scholarly attention are the implications of gender dif-
ferences in the context of information campaigns. Our study was not initially designed to es-
timate heterogeneous treatment effects. Nevertheless, our results suggest some potentially rel-
evant and partially unexpected gender differences. In line with the gender-specific salience of 
cooking-related health hazards, we found that female respondents react much more strongly 
to health information than the male respondents in our sample when it comes to their stated 
willingness to pay. However, the estimated treatment effect on voucher use is greater for male 
than for female respondents. This suggests that until the final purchase of the next LPG cylin-
der, some interesting intra-household dynamics may be at play. These gender-specific out-
comes may be important and call for further investigation in future work. Independent of these 
results, given that women often lack decision-making power on major purchases, knowledge 
building should not target women alone. 
Overall, the scientific findings of this doctoral thesis underline the importance of integrated 
approaches to planning and evaluating energy transition measures that equally consider cli-
mate, development and health perspectives. Moreover, the insights from this thesis illustrate 
that in order to realize synergies between individual objectives and at the same time minimize 
the negative consequences of trade-offs, it is essential that we do not ignore the complexity of 
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certain interlinkages. For instance, when promoting renewables, the role of barriers that are 
not directly visible, such as support for fossil fuels, needs to be factored in. Similarly, while 
subsidies on fossil fuels generally need to be eliminated due to their overwhelmingly negative 
effects, there are sometimes compelling reasons to subsidize energy in order to jump-start the 
market and reach poor consumers. A typical example is LPG for cooking.  
Research based on such integrated approaches should be expanded in the future. It pro-
vides promising instruments to guide effective interventions in development and climate pol-
icy and reflects the fundamental idea of the sustainable development goals under the Agenda 
2030. 
 






Appendix A Methodological appendix Chapter 3  
Although hybrid models for multi-level analysis or analysis of clustered panel data are gaining 
ground in the methodological literature (e.g., Bell & Jones, 2015, Allison, 2009; Schunck, 2013), 
they are not widely used. This appendix provides (1), further explanations of the estimation 
procedure in a hybrid model and (2) illustrates how the resulting coefficients compare to those 
from alternative panel data models in the context of unobserved heterogeneity, such as corre-
lated random-effects (CRE) models, standard random-effects (RE) or fixed-effects (FE) models.  
A1 Estimating panel regressions for clustered data in a hybrid model 
After specifying the variables to be analyzed in the model, we work with Stata’s user-written 
command xthybrid (Schunck & Perales, 2017). It evaluates which of the variables vary suf-
ficiently to create additional regressors, creates group-means and demeaned variables for 
these variables, and fits the hybrid model in an automated process.  
Applying xthybrid on our sample and key set of covariates indicates that the variables 
FF subsidies, RE policies, Democracy, and Net energy imports (and Environmental performance in 
the binary part) can be used to estimate two separate effects. All other variables, including 
OPEC, RE potential, Energy consumption and GDP p.c. do not vary sufficiently within clusters 
(indeed, less than 1 % of the variance in these variables is within clusters) and are hence not 
used to create additional regressors. 
The test option additionally provides tests of the random-effects assumption (that is, the 
within-cluster effect equals the between-cluster effect) for the individual regressors. In the sec-
ond, linear part of the model, the formal tests of the random-effects assumption indicate that 
within-cluster effects and between-cluster effects are statistically different for FF subsidies (𝑝 <0.05), RE policies (𝑝 < 0.1), Net energy imports (𝑝 < 0.05), and the share of electricity from hy-
dropower. Hence, following Schunck & Perales (2017), we separate within- from between ef-
fects for these four variables and use the more efficient random-effects estimators for the other 
covariates (notably Democracy, GDP p.c. and Energy consumption). Unfortunately, the xthy-
brid command (including the test of the random-effects assumption) does not work for esti-
mations in the first, binary part of our model, for some unknown reasons, which is why the 
centering of the variables and the estimation commands are performed manually for this part. 
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Analysis of variance within- and between-clusters and xthybrid’s test command can neverthe-
less inform the model specification. They indicate that within- and between cluster effects dif-
fer significantly for FF subsidies, RE policies and Environmental performance (𝑝 < 0.05 or 𝑝 <0.01). Hence, separate effects for these covariates are estimated in the binary response model 
applied in the first part.  
How do hybrid models compare to other models commonly used in the context of unob-
served effects? To illustrate this, the following section presents the estimation results from our 
basic hybrid models in this chapter are, alongside with alternative panel data models used in 
the context of unobserved effects. For the first part with binary response models, the compar-
ison of models and estimation methods focuses on whether and how the distribution of the 
(unobserved) heterogeneity is restricted. For the second part of our estimation, the linear panel 
regression, this appendix illustrates in more detail how the hybrid model compares to the cor-
related random-effects model and to standard random-effects and fixed-effects models.  
A2 Hybrid and other binary response models for clustered data (part I)  
Table A 1 shows estimation results from predicting the likelihood that country i generates a 
positive amount of electricity from non-conventional renewables in year t (corresponds to Col-
umn 1 in Table 1, Chapter 3.5.) Column 1 displays results from a linear probability model with 
fixed-effects, Column 2 those from a pooled (random-effects) probit model and Columns 3 
and 4 those from hybrid models with pooled maximum likelihood estimation coefficients and 
with full maximum likelihood estimation from a panel probit model respectively. In models 
1, 3 and 4, the coefficients of FF subsidies, RE policies and Environmental performance corre-
spond to the within-cluster effects.  
Manually calculated average partial effects (APEs) shown along with the coefficients are 
comparable across models. 98F98 Bootstrapped standard errors are calculated for the APEs in 
Model 3, but not for (4), due to prohibitive computation time.  
In the linear fixed-effects estimation in Column 1, unobserved heterogeneity is allowed to 
be correlated with the covariates. The time-constant variables OPEC and RE potential drop out. 
Since the estimation of this model only captures the variation within countries, which is virtu-
ally negligible compared to the variation between countries, the model is not well specified. 
The resulting coefficients are therefore hardly comparable to those from the other models. The 
pooled random-effect probit model in Column 2 allows estimating the effects of time-invariant 
variables. It is based on the assumption that unobserved heterogeneity is independent from 
the covariates, which is why we would expect the coefficients to be larger than in the fixed-
effects model. The APEs of several covariates now show large and significant effects. On av-
erage, having one more renewable energy support policy in place is associated with a 16 pp 
higher probability to produce electricity from renewables. In addition, a 10 point increase of 
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
98 Our data does not allow to estimate probit or logit FE models. In FE binary models, any group (i.e., country) with all zeros or all ones 
in the dependent variable is dropped out from the regression due to the lack of within-group variation. Our sample contains a very 
high number of countries without any variation in the dependent variable. In particular, many countries had zero electricity generation 
from renewable energy across the whole period analyzed in this study. 
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the environmental performance index (0 to 100) is associated with a 7 pp higher probability of 
renewable energy production. Furthermore, countries that are OPEC members are much less 
likely to produce any electricity from renewables (proability decreased by 0.38) and an RE 
potential which is increased by 10 million tonnes of oil equivalent (corresponding to about 
twice Switzerlands total power consumption) is associated with a 1 pp higher probability of 
renewable electricity production. The hybrid model in Column 3, just like Chamberlain’s cor-
related random effects model, is based on the assumption that the unobserved heterogeneity 
is correlated with the covariates, however only through the mean of x. As a consequence, the 
coefficient of OPEC becomes somewhat smaller. The effects of the time-variant covariates FF 
Subsidies, RE policies and Environmental performance are now separated into within- and be-
tween-cluster effects, whereas the latter correspond to the coefficients on time-averages of 
these three variables. The between-cluster effect of Environmental performance is very similar to 
the coefficient of the covariate in the pooled model, while the within-effect is not significant, 
reflecting the dominance of between-cluster variation in the sample. For RE policies, the be-
tween-cluster APE is even larger than the estimate from the pooled probit. Applying the full 
(hybrid) maximum likelihood estimation with xtprobit in Column 4 essentially results in the 
same findings, even though some of the APEs are marginally smaller than in Column 3.  
Applying the (mathematically equivalent) correlated random effects model instead of the 
hybrid model yields very similar results (not shown). Yet the coefficient of the time-averages 
corresponds to the difference between the within- and the between-cluster effect, which makes 






Table A 1 Binary response panel data models 




(3) Hybrid RE Probit  
Pooled MLE 
(4) Hybrid RE Probit 
MLE 
  Coeff Coeff APE Coeff APE Coeff APE 
 FF subsidies p.c. (log) 0.000 0.033 0.008 0.010 0.002 -0.011 -0.000 
  (0.003) (0.027) (0.006) (0.015) (0.003) (0.153) (0.005) 
 RE policies -0.002 0.693∗∗∗ 0.164∗∗∗ 0.003 0.001 -0.132 -0.005 
  (0.011) (0.129) (0.029) (0.075) (0.017) (0.358) (0.011) 
 Environmental performance -0.013∗∗ 0.028∗∗∗ 0.007∗∗∗ -0.042 -0.009 -0.150 -0.006 
  (0.006) (0.011) (0.002) (0.026) (0.006) (0.176) (0.005) 
 FF subsidies p.c.(log)     0.023 0.005 0.174 0.007 
     (0.036) (.008) (0.162) (0.009) 
 RE policies     1.152∗∗∗ 0.245∗∗∗ 5.572∗∗∗ 0.208∗∗∗ 
     (0.218) (0.044) (0.598) (0.055) 
 Environmental performance     0.028∗∗ 0.006∗∗ 0.125∗∗ 0.005∗∗ 
     (0.012) (0.003) (0.053) (0.004) 
 Democracy 0.011 0.046 0.011 0.003 0.001 0.128 0.005 
  (0.014) (0.041) (0.010) (0.045) (0.010) (0.182) (0.008) 
 RE potential — 0.005∗ 0.001∗ 0.004 0.001 0.028∗∗ 0.001∗∗ 
   (0.003) (0.001) (0.003) (0.001) (0.012) (0.001) 
 OPEC — -1.614∗∗∗ -0.382∗∗∗ -1.633∗∗∗ -0.347∗∗∗ -9.409∗∗∗ -0.351∗∗∗ 
   (0.528) (0.118) (0.597) (0.145) (2.290) (0.180) 
 GDP p.c.(log) -0.073 0.167 0.040 0.095 0.020 0.097 0.004 
  (0.159) (0.119) (0.028) (0.125) (0.028) (0.469) (0.026) 
 Log Likelihood — -608.606 -528.847 -153.993 
 Observations 1444 1444 1392 1392 
 Number of countries 161 161 155 155 
 Year dummies YES YES YES YES 
Standard errors in parenthese. In the LPM, pooled probit and hybrid probit with pooled MLE estimation, standard errors are robust to 
arbitrary within-panel autocorrelation. BT standard errors were calculated for the hybrid probit models in (3) and (4). FF = fossil fuels. RE 
= renewable energy. ∗p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. 
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A3 Hybrid and other linear models for clustered data (part II) 
In the second part of our model, we use only observations with a positive amount of electricity 
from renewables (𝑦 > 0) and estimate the relationships between log 𝑦 and the other variables 
of interests in a hybrid panel regression model. Based on a simplified version of our basic 
model (see Table 2, Chapter 3.5)99F99, this paragraph illustrates in more detail how the hybrid 
model compares to the correlated random-effects model and to standard random-effects and 
fixed-effects models. For illustration purposes, the variables are listed with prefixes; in the 
xthybrid model, the W_ prefix denotes within-cluster effects; variables with the B_ prefix show 
between-cluster effects and the R_prefix identifies variables for which standard random-ef-
fects estimation is used to assess their effects. Coefficients with the D_ prefix represent differ-
ences between between- and within- cluster effects, as they result from the correlated random-
effects model. The estimation for the hybrid and the correlated random-effects model are per-
formed in an automated procedure using Stata’s xthybrid command, estimating two sepa-
rate effects only for the FF subsidies variable, according to the test of the random-effect assump-
tion discussed above. All other variables do not vary (sufficiently) within clusters or – if they 
do so – do not have within-cluster effects that are significantly different from between-cluster 
effects.  
The results from the hybrid model are presented in Table A 2, Column 1. The coefficient 
W__FF subsidies p.c. (log) denotes the within-cluster effects of FF subsidies. Increases of FF 
subsidies within a country are hence not associated with a decrease of renewables in the power 
mix in a statistically significant way. The coefficient B__ FF subsidies p.c. (log) (-0.117**) gives 
its between-cluster effect. It suggests that a 1 % increase in the time-average of fossil fuel sub-
sidies per capita is associated with a 0.12 % decrease in the share of renewables in total elec-
tricity production.  
The coefficients of all other variables are estimated in the same way as in a random-effects 
regression, as discussed above. However, since the hybrid model also includes the cluster-
mean of fossil fuel subsidies, the coefficients with R_ prefix in the hybrid model are not iden-
tical with coefficients from a standard random-effects model (Column 3). The estimates with 
R_ prefix being unbiased still rests on the assumption that the random-effects (such as unob-
served effects on the country level) are uncorrelated with the observed covariates. Using the 
xthybrid command, we can specify an analogous correlated random-effects model (CRE) by 
adding the cre option. Results are presented in Column 2.  
  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
99 In the example presented for illustration purposes here, we separate within- and between-cluster effects only for the subsidy variable.  
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Table A 2 Comparison of coefficients from a hybrid model with other linear models 









W_FF Subsidies p.c. (log) -0.005 -0.005   
 (0.011) (0.011)   
B_FF Subsidies p.c. (log) -0.117∗∗    
 (0.058)    
D_FF Subsidies p.c. (log)  -0.112∗   
  (0.058)   
R_OPEC -1.878∗ -1.878∗   
 (1.088) (1.088)   
R_RE policies 0.096∗∗ 0.096∗∗   
 (0.044) (0.044)   
R_RE potential 0.002∗∗ 0.002∗∗   
 (0.001) (0.001)   
R_GDP p.c. (log) 0.030 0.030   
 (0.253) (0.253)   
R_Democracy 0.139∗∗∗ 0.139∗∗∗   
 (0.051) (0.051)   
R_Energy consumption (log) -0.279∗∗ -0.279∗∗   
 (0.127) (0.127)   
R_Environmental performance 0.054∗∗∗ 0.054∗∗∗   
 (0.015) (0.015)   
FF subsidies   -0.010 -0.005 
   (0.012) (0.011) 
RE policies   0.105∗∗ 0.048 
   (0.045) (0.044) 
Environmental performance   0.057∗∗∗ 0.076∗∗∗ 
   (0.015) (0.026) 
Democracy   0.165∗∗∗ 0.092 
   (0.049) (0.064) 
RE potential   0.002∗∗ — 
   (0.001)  
OPEC   -2.527∗∗∗ — 
   (0.931)  
GDP p.c. (log)   -0.123 2.829∗∗∗ 
   (0.227) (0.495) 
Energy consumption   -0.307∗∗∗ -1.607∗∗∗ 
   (0.107) (0.301) 
Constant 7.338∗∗∗ 7.338∗∗∗ 8.636∗∗∗ -19.890∗∗∗ 
 (2.065) (2.065) (1.806) (4.986) 
Observations 862 862 862 862 
Number of countries 102 102 102 102 
Year dummies Yes Yes Yes Yes 
Standard errors in parentheses. ∗p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. 
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The coefficient W__FF subsidies p.c. (log) again denotes the within-cluster effects associ-
ated with FF subsidies and is identical to the one estimated in the hybrid model. The within-
cluster effect of FF subsidies from both the hybrid and CRE models is the same as the one fit 
by a standard fixed-effects model (see Column 4) in this linear setting (does not hold for non-
linear models). The coefficient D__ FF subsidies p.c. (log) (-0.112) represents the difference be-
tween the between- and the within- cluster effects, which can be seen when comparing the 
between- and within-cluster effects for the subsidy variable from the hybrid model (-0.117 - (-
0.005) = -0.112). The coefficients of variables that do not or do hardly vary within countries 
(cluster-invariant), denoted with R_ prefix are identical to those in the hybrid model. To pro-
vide a comparison, Table A 2 also shows the estimates obtained with standard random-effects 
and fixed-effects models (estimated with xtreg) in Columns 3 and 4 respectively.  
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Appendix B Robustness checks for regression results in Chapter 3 
B1 Binary response models  
The following tables show the results from robustness checks for binary response regressions 
employed to model the likelihood that a country produces any renewable electricity at all.  
Table A 3 Hybrid probit random-effects with lagged support-policy variables 
  (1) (2) (3) (4) 
 Main RE policies RE policies RE policies 
 t t-1 t-2 t-3 
 FF subsidies p.c.(log)  -0.011 0.028 0.050 0.014 
   (0.153) (0.138) (0.240) (0.120) 
 FF subsidies p.c.(log) 0.174 0.219 0.412∗∗∗ 0.100 
   (0.163) (0.181) (0.148) (0.089) 
 RE policies  -0.132    
   (0.358)    
 RE policies  5.572∗∗∗    
   (0.598)    
 Environmental performance  -0.150 -0.159 -0.079 -0.181 
     (0.176) (0.184) (0.231) (0.190) 
 Environmental performance  0.125∗∗ 0.115∗∗∗ 0.175∗∗∗ 0.105∗∗∗ 
   (0.053) (0.044) (0.059) (0.033) 
 Democracy  0.128 0.152 0.208 0.083 
   (0.182) (0.199) (0.265) (0.105) 
 Re potential  0.028∗∗ 0.026∗∗∗ 0.033∗∗∗ 0.014∗∗∗ 
   (0.012) (0.010) (0.009) (0.005) 
 OPEC  -9.409∗∗∗ -8.251∗∗∗ -10.143∗∗∗ -5.109∗∗∗ 
   (2.290) (1.936) (3.851) (1.256) 
 GDP p.c.(log)  0.097 0.076 -0.043 0.272 
   (0.469) (0.530) (0.640) (0.289) 
 RE policies_t-1   -0.134   
      (0.400)   
 RE policies_t-1   5.691∗∗∗   
    (0.737)   
 RE policies_t-2    0.251  
     (0.765)  
 RE policies_t-2    16.184∗∗∗  
     (1.219)  
 RE policies_t-3     0.995∗ 
      (0.599) 
 RE policies_t-3     4.644∗∗∗ 
      (0.720) 
 Constant  -7.072 -11.680∗∗ -17.889∗∗∗ -9.629∗∗∗ 
   (4.335) (4.545) (4.450) (2.725) 
 Log Likelihood  -153.993 -142.793 -119.575 -111.880 
 Observations  1392 1284 1130 977 
 Number of countries  155 155 155 155 
 Year dummies  Yes Yes Yes Yes 
Standard errors in parentheses. ∗p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01.  
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Table A 4 Hybrid probit random-effects – low-income and emerging countries 
   (1) (2) (3) (4) 
 FF subsidies p.c.(log)  -0.045 -0.042 -0.055 -0.066 
   (0.190) (0.195) (0.173) (0.167) 
 FF subsidies p.c.(log)  0.140 -0.146 0.120 -0.450∗∗∗ 
   (0.106) (0.152) (0.121) (0.116) 
 RE policies  -0.245 -0.326 -0.283 -0.240 
   (0.488) (0.489) (0.481) (0.487) 
 RE policies  6.318∗∗∗ 4.649∗∗∗ 6.306∗∗∗ 4.272∗∗∗ 
   (0.665) (1.052) (0.686) (0.806) 
 Environmental performance  -0.076 -0.052 -0.059 -0.043 
     (0.190) (0.226) (0.189) (0.166) 
 Environmental performance  0.163∗∗∗ 0.196∗∗∗ 0.149∗∗ 0.108∗∗∗ 
   (0.055) (0.045) (0.063) (0.036) 
 Democracy  0.164 0.293 0.161 0.318∗ 
   (0.151) (0.186) (0.173) (0.164) 
 Re potential  0.024∗∗∗ 0.017 0.027∗∗∗ 0.008 
   (0.009) (0.012) (0.009) (0.007) 
 OPEC  -10.542∗∗∗ -10.491∗∗∗ -9.956∗∗∗  
   (1.659) (2.345) (1.967)  
 GDP p.c.(log)  0.418 -0.569 0.525 -0.324 
   (0.498) (0.891) (0.544) (0.466) 
 Energy consumption (log)   1.601∗∗∗  1.850∗∗∗ 
    (0.574)  (0.416) 
 Net energy imports share    0.002  
     (0.002)  
 Constant  -11.000∗∗ -2.365 -11.501∗∗ -0.685 
   (4.372) (8.102) (4.977) (4.343) 
 Log Likelihood  -137.927 -135.059 -137.660 -139.183 
 Observations  1107 1107 1107 1107 
 Number of countries  124 124 124 124 
 Year Dummies  Yes Yes Yes Yes 
Standard errors in parentheses. ∗p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. 
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Table A 5 Pooled probit random-effects – country subsets with high subsidy variation 
 (1) (2) (3) (4) 
ffs_40 ffs_50 ffs_60 ffs_70 
FF subsidies p.c.(log) -0.038 -0.032 0.004 0.033 
 (0.044) (0.033) (0.063) (0.076) 
RE policies 0.587∗∗ 0.530∗∗ 0.412 0.358 
 (0.259) (0.263) (0.356) (0.409) 
Environmental performance 0.033 0.037 0.019 0.015 
 (0.021) (0.023) (0.024) (0.025) 
Democracy 0.173∗∗∗ 0.191∗∗∗ 0.284∗∗∗ 0.269∗∗∗ 
 (0.062) (0.069) (0.087) (0.096) 
Re potential 0.009∗∗ 0.012∗∗∗ 0.003 0.003∗∗ 
 (0.004) (0.004) (0.002) (0.001) 
OPEC -1.427∗∗ -1.329∗ -0.866 -0.778 
 (0.588) (0.696) (0.652) (0.678) 
GDP p.c.(log) -0.025 0.126 -0.063 -0.133 
 (0.293) (0.300) (0.265) (0.285) 
Constant -1.909 -3.861 -1.123 -0.297 
 (2.606) (2.726) (2.509) (2.694) 
Log Likelihood -138.60 -117.11 -86.76 -70.90 
Observations 430 357 260 197 
Number of countries 49 41 31 23 
Year dummies Yes Yes Yes Yes 
Results are from pooled probit regressions. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. 
Country-clustered standard errors in parentheses. FF stands for fossil fuels; RE for renewa-
ble energy. Model titles refer to thresholds for limiting the sample to those countries with 
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B2 Linear panel regression models  
The following tables show the results from robustness checks for linear regressions employed 
in the second part of the statistical model in Chapter 3.5.  
 
Table A 6 Linear hybrid panel regression - low-income and emerging countries 
  (1) (2) (3) (4) 
 FF subsidies p.c.(log)  -0.003 -0.002 -0.003 0.015 
   (0.016) (0.016) (0.016) (0.016) 
 FF subsidies p.c.(log)  -0.173∗∗ -0.074 -0.166∗∗ -0.120∗ 
   (0.069) (0.075) (0.069) (0.070) 
 RE policies  0.143∗∗ 0.143∗∗ 0.130∗∗ 0.198∗∗∗ 
   (0.066) (0.065) (0.066) (0.070) 
 RE policies  0.129 0.535∗ 0.108 0.406 
   (0.296) (0.324) (0.308) (0.308) 
 Environmental performance  0.050∗∗ 0.045∗∗ 0.052∗∗ 0.044∗∗ 
   (0.022) (0.022) (0.022) (0.021) 
 Democracy  0.149∗∗ 0.138∗∗ 0.154∗∗ 0.161∗∗ 
   (0.061) (0.060) (0.061) (0.065) 
 RE potential  0.001 0.004∗∗ 0.001 0.001 
   (0.001) (0.002) (0.001) (0.001) 
 OPEC  -1.305 -1.159 -1.276 -1.452 
   (1.214) (1.215) (1.211) (1.158) 
 GDP p.c.(log)  -0.400 -0.066 -0.436 -0.411 
   (0.303) (0.329) (0.307) (0.314) 
 Energy consumption (log)   -0.547∗∗∗   
    (0.176)   
 Net energy imports share    -0.002∗∗  
     (0.001)  
 Net energy imports share    0.000  
     (0.002)  
 Hydro electricity share     -0.014∗ 
      (0.007) 
 Hydro electricity share    0.015 
      (0.010) 
 Nuclear electricity share     -0.040∗∗∗ 
      (0.008) 
 Constant  10.273∗∗∗ 6.706∗∗ 10.522∗∗∗ 10.282∗∗∗ 
   (2.405) (2.747) (2.421) (2.489) 
 Log Likelihood  -1208.22 -1195.82 -1207.85 -1083.48 
 Observations  584 584 584 538 
 Number of countries  71 71 71 64 
 Year dummies  Yes Yes Yes Yes 
Standard errors in parentheses. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. Log Likelihood for model compar-
ison. FF stands for fossil fuels, RE for renewable energy.  
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Table A 7 Linear hybrid panel regression - countries with high subsidy variation 
  (1) (2) (3) (4) (5) 
 basic ffs_40 ffs_50 ffs_60 ffs_70 
 FF subsidies p.c.(log)  -0.005 -0.051∗∗ -0.061∗∗ -0.118∗∗∗ -0.120∗∗∗ 
   (0.012) (0.023) (0.027) (0.041) (0.033) 
 FF subsidies p.c.(log)  -0.162∗∗∗ 0.044 0.083 0.366∗∗∗ 0.369∗∗∗ 
   (0.054) (0.114) (0.148) (0.140) (0.059) 
 RE policies  0.087∗ 0.307∗∗∗ 0.412∗∗∗ 0.384∗ -0.060 
   (0.045) (0.119) (0.146) (0.203) (0.188) 
 RE policies  0.219 0.855∗∗ 0.705 0.717∗ 0.570∗∗∗ 
   (0.231) (0.415) (0.447) (0.392) (0.216) 
 Environmental performance  0.055∗∗∗ 0.109∗∗∗ 0.122∗∗∗ 0.043 0.036∗∗ 
   (0.015) (0.028) (0.034) (0.030) (0.015) 
 Democracy  0.134∗∗ 0.125 0.177∗ 0.479∗∗∗ 0.412∗∗∗ 
   (0.052) (0.088) (0.106) (0.136) (0.057) 
 RE potential  0.001 0.004∗ 0.004∗ 0.005∗∗∗ 0.004∗∗∗ 
   (0.001) (0.002) (0.002) (0.002) (0.001) 
 OPEC  -1.745 -1.810 -1.564 -0.417 -1.062∗∗∗ 
   (1.077) (1.162) (1.209) (0.785) (0.305) 
 GDP p.c.(log)  -0.262 -1.407∗∗∗ -1.924∗∗∗ -1.499∗∗∗ -2.362∗∗∗ 
   (0.221) (0.483) (0.554) (0.433) (0.236) 
 Constant  8.862∗∗∗ 14.917∗∗∗ 18.764∗∗∗ 15.157∗∗∗ 24.362∗∗∗ 
   (1.654) (3.739) (4.558) (4.024) (2.230) 
 Log Likelihood  -1725.75 -563.33 -445.59 -278.11 -129.62 
 Observations  862 284 219 151 100 
 Number of countries  102 34 27 19 13 
 Year Dummies  Yes Yes Yes Yes Yes 
Standard errors in parentheses. ∗p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. Log Likelihood for model comparison. FF stands 
for fossil fuels, RE for renewable energy. Model titles refer to thresholds for limiting sample to those countries 
with the highest variation in subsidies (higher than the 40th, 50th, 60th and 70th percentile respectively). 
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Table A 8 Linear fixed-effects panel regression – countries with high subsidy variation 
 (1) (2) (3) (4) (5) 
basic ffs_40 ffs_50 ffs_60 ffs_70 
FF subsidies p.c.(log) -0.008 -0.059∗ -0.070∗ -0.108∗∗ -0.120∗∗∗ 
 (0.020) (0.030) (0.035) (0.038) (0.033) 
RE policies 0.052 0.275 0.407 0.298 -0.097 
 (0.087) (0.260) (0.322) (0.349) (0.219) 
Environmental performance 0.106∗∗ 0.167∗∗ 0.197∗∗ 0.123 0.115 
 (0.048) (0.071) (0.077) (0.112) (0.090) 
Democracy 0.055 0.024 0.098 0.794 0.490 
 (0.067) (0.098) (0.129) (0.718) (0.577) 
GDP p.c.(log) 1.516∗∗ 2.995∗∗ 3.307 3.318 3.419 
 (0.726) (1.377) (2.363) (2.992) (3.476) 
Constant -9.153 -27.709∗ -32.807 -33.952 -33.394 
 (7.975) (14.291) (23.375) (29.249) (36.153) 
Observations 862 284 219 151 100 
Number of countries 102 34 27 19 13 
Year Dummies Yes Yes Yes Yes Yes 
Country-clustered standard errors in parentheses. ∗ p < .1, ∗∗ p < .05, ∗∗∗ p < 0.01. FF stands for fossil fuels; 
RE for renewable energy. Model titles refer to thresholds for limiting sample to those countries with the 
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Appendix C Further results from online survey on LPG interventions 
Figure A 1 Assessment of climate- and health benefits of LPG vs. IBC 
 
Note: Respondent’s assessment of scientific evidence on the climate- and health benefits of switching from 
traditional cooking to LPG as compared to improved biomass stoves. For the comparison, respondents were 
asked to refer to the real-life effectiveness of these options as a replacement for traditional biomass cookstoves 
and the type of improved solid fuel stove most commonly promoted by their organization. ‘Clean cooking’ 
stands for clean cooking platform initiatives such as clean cooking alliances, whereas the answers from the 
Global LPG Partnership (‘Clean cooking LPG’) are shown separately for more accuracy. ‘NGO energy’ stands 
for NGOs, think-thanks or social businesses that are specialized on energy and sustainable development (with 
an energy focus).  
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Figure A 2 Views on LPG vs. IBCs in the context of sustainable development 
 
Note: ‘Clean cooking’ stands for clean cooking platform initiatives such as clean cooking alliances, whereas 
the answers from the Global LPG Partnership (‘Clean cooking LPG’) are shown separately for more accuracy. 
‘NGO energy' stands for NGOs, think-thanks or social businesses that are specialized on energy and sustain-
able development (with an energy focus). 
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Figure A 3 Views on price dependence and on barriers for LPG scale-up 
 
Note: ‘Clean cooking’ stands for clean cooking platform initiatives such as clean cooking alliances, whereas 
the answers from the Global LPG Partnership (‘Clean cooking LPG’) are shown separately for more accuracy. 
‘NGO energy’ stands for NGOs, think-thanks or social businesses that are specialized on energy and sustain-
able development (with an energy focus). 
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Appendix D Methodological approach online survey and personal interviews  
D1 Sampling and survey implementation 
To collect detailed information on the role of LPG and attitudes towards its promotion in the 
clean cooking sector, I conducted an online survey among experts in key organizations en-
gaged in the field. To that aim, I proceeded as follows: 
In order to obtain the most representative sample possible, I first identified the types of 
organizations and policy areas relevant to the sector. For each type, I contacted several im-
portant organizations, whereby I sought to capture as well as possible the involved actors’ 
diversity concerning their approaches to the issue – such as general development and poverty 
reduction, health or environment- and climate protection – but also concerning geography.  
This exercise resulted in a sample of 73 organizations to be contacted. It includes, amongst 
others, the 20 bilateral donor countries with the highest ODA amounts within the OECD DAC, 
all major development banks, a key multi-donor program and several international organiza-
tions and initiatives, a wide range of development- and environment non-governmental or-
ganizations and large private foundations and, finally, representatives from the industry (LPG 
and efficient cookstove producers). The selection of relevant multilateral organizations and 
initiatives is straightforward and based on the volume of their activities in the sector. With 
regard to INGOs and NGOs, I have used cookstove project registries and the list of organiza-
tions with observer status at the UNFCCC to identify organizations engaged in the sector and 
searched the websites of major international aid organizations to check whether they have 
been running cookstove projects.  
The survey was conducted from March until August 2019 through a standardized online 
questionnaire that was sent to senior or high-level officials in the corresponding department 
of each organization in the sample. If the first request remained unanswered, two reminders 
were sent after one and two weeks respectively. Contacting the experts via several initial con-
nections and writing to them personally resulted in a high response rate, as 37 organizations 
completed the survey. In addition, the Climate & Clean Air Coalition circulated the survey 
within its global network of experts and professionals in the sector. In total, 48 answers from 
43 organizations were obtained through the structured online survey (46) and two phone in-
terviews (2). Table A 9 summarizes the number of responses by organization type.  
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Table A 9 Survey responses, by type of organization 
Organization type 
 
No. of directly 
contacted organi-
zations 
No. of responses 
(number of organi-
zations) 
Bilateral Donors & EU institutions 21 9 +2 phone inter-
views 
Development Banks 5 5 (4) 
UN-Organizations & Multi-donor program 3 1 
Clean cooking organizations (international & national)  4 5 (3) 
International public health- / clean air organizations 4 3 
Development NGOs & foundations 19 9 (8) 
Environment / energy / sustainable development 
NGOs and social businesses:  
11 11(10) 
Industry 4 1 
Further (research) 1 2 
Total 72 48 
 
The organizations that participated in the survey essentially mirror the full range of activ-
ities in the clean cooking sector, including planning, implementing and evaluating projects to 
promote access to clean cooking alternatives, producing the appliances, providing financial 
and analytical support, assuming coordination and advocacy functions, and monitoring the 
achievement of objectives. Regarding the diversity of interests and policy areas, the represent-
ativeness of the survey is limited as far as the private sector is concerned: Despite several at-
tempts, no response could be obtained from an efficient biomass cookstove producer (while I 
obtained one from a representative from the LPG industry). To avoid any bias and because 
industry and research do not directly influence the design of programmes, I decided not to 
include the answers from these areas in the statistical analysis of the online survey. Further-
more, no private foundations responded to the survey. Nevertheless, among all other types of 
organizations, the diversity of interests and policy areas is appropriately represented. 
In particular, among the non-governmental organizations, there are general aid organiza-
tions, international climate and environmental organizations and some smaller, national or-
ganizations, some of which have a strong focus on sustainable development and renewable 
energy and do policy advice.  
Some respondents preferred not to be cited by their names and among those, some wished 
that their organization should not be disclosed either. Aiming to balance this need for confi-
dentiality with the need to provide the reader the information she or he requires to assess my 
ability to defend my claims, I produced two tables. Table A 10 lists all participating organiza-
tions of the online survey and those who were part of the sample frame but did not participate. 
The table contains information on the status and date of participation and on the position of 
the contributing expert. I have omitted all names and chose job titles which are general enough 
to disguise the identities of some interviewees. Table A 11 lists all personal interviews. Most 
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interviews were audio-recorded and transcribed, yet in a few cases, I worked with notes. Be-
fore publication, direct quotations were submitted to the interview partners for approval and 
adapted as necessary. 
The online survey contained predominantly closed-ended and a few open-ended questions. 
The questionnaire is provided below. The topics covered in personal interviews varied sub-
stantially depending on who was interviewed, but the overarching focus always revolved 
around the ongoing development of the clean cooking sector, views on the (changing) role of 




Table A 10 Sample frame and list of organizations participating in online survey 
 Organization Function Status Source Format Transcript 
Bilateral Donors 
S1 Belgium 
Belgian Development Agency (Enabel) 










S2 Anonymous European donor 
Ministry of Foreign Affairs 
Head of Section multilateral co-









Norwegian Agency for Development 
Cooperation (Norad) 
Senior Adviser, Department for 











S4 United States 
U.S. Agency for International Develop-
ment (USAID) 
Senior Science Advisor, Bureau 








S5 United Kingdom 
Department for International Develop-
ment (DFID) 
Senior Energy Adviser No response  Sample 
frame 
n/a n/a 
S6 Anonymous European donor 
Department of Foreign Affairs  







S7 Anonymous European donor 
Ministry of Foreign Affairs 










German Federal Ministry for Economic 
Cooperation and Development (BMZ) 
















Table A 10 continued 
 Organization Function Status Source Format Transcript 
S9 Japan 
International Cooperation Agency 
(JICA) 
Energy and Mining Group, In-
dustrial Development and Public 











S10 Anonymous European donor 
Development agency 









S11 Anonymous European donor 
Development agency 







S12 Anonymous European donor 
Ministry for Foreign Affairs  







S13 EU Institutions DEVCO - C6, Sustainable En-
ergy, Climate Change 




Agence Française de Développement 
(AFD) 
Energy Division  No response Sample 
frame 
n/a n/a 
S15 South Korea  
Korea International Cooperation Agency 
Climate Change and Environ-
ment Department 




Austrian Development Agency (ADA) 




Australian Agency for International De-
velopment (Australian Aid) 




Global Affairs Canada 
Request via contact form & con-
tact person outside organization 







Table A 10 continued 
 Organization Function Status Source Format Transcript 
S19 Italy 
Italian Agency for Development Cooper-
ation (AICS) HQ 
Request via contact form  No response Sample 
frame 
n/a n/a 
       
S20 Spain 
Spanish Agency for International Devel-
opment Cooperation (AECID) 




Ministry of Foreign Affairs, Department 
of Development Cooperation (Polish 
aid) 
Request via contact form & con-
tact person outside organization 




S22 Inter-American Development Bank  
Climate Change and Sustainability Divi-
sion  





online survey  
n/a 
S23 The World Bank  
Energy Sector Management Assistance 
Program (ESMAP) 
Senior energy specialist, efficient 
and clean cooking and heating 






S24 Anonymous regional development bank Senior Investment Officer, re-









S25 Kreditanstalt für Wiederaufbau KfW 
(German development bank) 
Management Department South-





















Table A 10 continued 
 Organization Function Status Source Format Transcript 
S27 Asian Development Bank 
 
Specialists at Energy for All Initi-
ative, Sustainable Infrastructure 
Division, Southeast Asia Energy 
Division 
No response Sample 
frame 
n/a n/a 
UN Organizations & Multi-donor program 
S28 Sustainable Energy for All (SEforALL) Senior Advisor No response Sample 
frame 
n/a n/a 
S29 UNDP Management Energy, Infrastruc-
ture, Transport and Technology 
No response Sample 
frame 
n/a n/a 
S30 Energising Development (EnDev), 
Multi-donor Program 
Senior energy advisor, Deutsche 









Clean cooking organizations (platform initiatives) 

















online survey         
n/a 








S34 Anonymous transnational organization 
promoting clean and improved 
cookstoves  











Table A 10 continued 
 Organization Function Status Source Format Transcript 
S35  Senior Manager, Technology & 
Impacts  
No response Sample 
frame 
n/a n/a 
S36 Anonymous national cookstove associa-
tion in Africa 


















S38 Clean Cookstoves Association of Kenya Manager, Practical Action Con-
sulting 
No response Sample 
frame 
n/a n/a 
S39 Uganda National Alliance on Clean 
Cooking (UNACC) 
Coordinator No response Sample 
frame 
n/a n/a 
International public health- / clean air organizations 
S40 World Health Organization Team Leader on Household En-
























S43 Clean Air Asia Senior Air Quality Program Co-
ordinator 





Development NGOs & Foundations 













Table A 10 continued 
 Organization Function Status Source Format Transcript 









































S50 For Stoves Management No response Sample 
frame 
n/a n/a 
S51 Anonymous major Swiss aid organiza-
tion 























S54 SNV Foundation Netherlands Coordinator Sustainable Energy 
Markets 
No response Sample 
frame 
n/a n/a 
S55 Catholic Agency For Overseas Develop-
ment (CAFOD) 
Analyst Climate Change and En-
ergy 
No response Sample 
frame 
n/a n/a 
S56 Entrepreneurs du monde Energy programs No response Sample 
frame 
n/a n/a 







Table A 10 continued 
 Organization Function Status Source Format Transcript 
S58 
Rural Services Foundation 





Request via contact form No response Sample 
frame 
n/a n/a 
S60 Asian Fund for Relief and Development 
(AFRD) 
Request via contact form No response Sample 
frame 
n/a n/a 
S61 Amom Foundation Management Operations and De-
velopment 
No response Sample 
frame 
n/a n/a 
S62 Bright Generation Community Founda-
tion 
Management No response Sample 
frame 
n/a n/a 
S63 Bill and Melinda Gates Foundation Request via contact form No response Sample 
frame 
n/a n/a 
Environment and energy NGOs and social businesses 
 Environment      























S67 Anonymous non-profit foundation in 
the area of carbon off-setting 


















Table A 10 continued 
 Organization Function Status Source Format Transcript 
 Energy & sustainable development      
S69 SWITCH-Asia Team Leader No response Sample 
frame 
n/a n/a 
S70 TERI – The Energy and Resources Insti-
tute 









































S75 Energy 4 Impact  Management and Program Man-
ager 
No response Sample 
frame 
n/a n/a 
S76 CARE India Solutions for Sustainable 
Development 













S78 Envirofit Communications and Public Re-
lations 
No response Sample 
frame 
n/a n/a 






Table A 10 continued 
 Organization Function Status Source Format Transcript 
S80 EcoZoom Stoves Global Sales & Marketing  No response Sample 
frame 
n/a n/a 
Research and others 
S81 Research Team KfW commissioned re-
search 
Several Professors in public 
health 
No response Sample 
frame 
n/a n/a 
S82 Clean Cooking Implementation Science 
Network (ISN) / Fogarty International 
Center, U.S. National Institutes of 
Health 








S83 Africa Interdisciplinary Centre for Cli-
mate-Smart Agriculture Adaptation and 














Table A 11 List of personal interviews 
No. Organization Function Status Format Duration Recording Transcript 
P1 World Bank Group Energy 
Sector Management Assis-
tance Program (ESMAP) 
Senior Energy Specialist, 
Senior Official Efficient 








61 min Audio recording Confidentiality 
required 
P2 Inter-American Develop-
ment Bank Climate Change 
and Sustainability Division  








25 min Audio recording Confidentiality 
required 
P3 The Global LPG Partner-
ship 
 
Senior Official, Research, 












Audio recording Confidentiality 
required 
P4 Norwegian Agency for De-
velopment Cooperation 
(NORAD) 
Senior Adviser, Dep. for 

















notes w/i 1 hr 
Confidentiality 
required 
P5 Microsol (social business, 
development, coordination 













Table A 11 continued 
P6  German development bank 
= Kreditanstalt für Wieder-
aufbau (KfW),  
Senior Official, Depart-





















38 min Audio recording Confidentiality 
required 
P8 The Gold Standard Foun-
dation  
Senior Official, Standard 
Development Technical 









44 min Audio recording Confidentiality 
required 
P9  Independent consultant Expert on Climate Fi-








75 min Concurrent 
notes and sup-
plementary 
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D2 Questionnaire of online survey about LPG among experts in the clean cooking sec-
tor  
Q1 Welcome and thank you for taking a moment!  
To start with, please enter your contact details 
Full Name _______________________________________________  
Email address ____________________________________________ 
Phone number (optional) __________________________________  
 
 
Q2 What is the name of your organization?___________________ 
 
 
Q3 The role of LPG in your organization 
Your organization (directly or through partnerships) engages in programmes that aim to im-
prove access to clean household fuels and technologies such as improved/advanced biomass 
cookstoves, biogas or LPG. How important are LPG programs for your organization, as com-
pared to programs promoting other fuels and technologies?  
□ Unimportant   
□ Of little Importance   
□ Moderately important   
□ Important   
□ Very important   
 
 
Q4 Can you estimate which share of funding in the area of clean-cooking is spent for LPG 
in your organization? (Informed guess is ok). 
Share in %  _____________________________________________ 
 
 
Q5 Changes in LPG resources 
Has there been any change in the relative amount of resources that your organization has 
been allocating to LPG promotion ?   
Please refer to activities over the past 5 years, including those that are currently planned. Project im-
plementation may be directly or through partnerships.   
□ Great decrease  
□ Slight decrease  
□ No change  
□ Slight increase  
□ Great increase  
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Q6 Are there any plans to change the relative share of resources allocated to LPG promo-
tion in the future?  
 
□ Great decrease   
□ Slight decrease   
□ No change   
□ Slight increase   
□ Great increase   
 
 
Q7 Scientific evidence on health impacts   
 
How do you judge the scientific knowledge regarding the health benefits of LPG as com-
pared to improved solid fuel stoves? 
Please refer to the real-life effectiveness of these options, as a replacement of traditional bio-
mass cookstoves and the type of improved solid fuel stove most commonly promoted by your organiza-
tion. 
 
□ Much better   
□ Somewhat better  
□ About the same   
□ Somewhat worse  
□ Much worse  
□ Don’t know    
 
 
Q8 Scientific evidence on climate impacts   
 
How do you judge the scientific knowledge regarding the climate benefits of LPG as com-
pared to improved solid fuel stoves?    
Please refer to the real-life effectiveness of these options, as a replacement of traditional bio-
mass cookstoves and the type of improved solid fuel stove most commonly promoted by your organiza-
tion. 
 
□ Much better   
□ Somewhat better   
□ About the same   
□ Somewhat worse   
□ Much worse  
□ Don't know   
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Q9 Views regarding the focus of clean household energy programs   
    
Some argue that instead of a continued focus on improved/advanced biomass cookstoves 
there should be increased efforts to promote the adoption and use of LPG. Do you agree? 
 
□ Strongly agree   
□ Somewhat agree   
□ Neither agree nor disagree   
□ Somewhat disagree   
□ Strongly disagree   
 
 
Q10 Pros and cons of LPG vs. improved solid fuel stoves as clean cooking solutions (1/3) 
    
Below you find a list of arguments that have been put forward in favour of efforts to pro-
mote either LPG or improved solid fuel stoves. Please indicate for each statement whether it 















ter to household prefer-
ences than improved solid 
fuel stoves.  
□ □  □  □  □  
Promoting LPG is con-
sistent with the Sustainable 
Development Goals.  
□ □  □  □  □  
Major time savings 
when cooking with LPG 
allow for higher social ben-
efits, in particular for 
women.   
□ □  □  □  □  
Improved solid fuel 
stoves will not be sufficient 
to substantially reduce the 
health risks from house-
hold air pollution.  
□ □  □  □  □  
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LPG can be seen as a tran-
sition fuel for clean household 
energy before biogas/so-
lar/electricity is available eve-
rywhere.  
□ □  □  □  □  
Barriers to scale-up LPG 
(affordability, availability) are 
too high.  
□ □  □  □  □  
Improved solid fuel stoves 
are a better way to put the in-
tegrative idea of sustainable 
development into practice.  
□ □  □  □  □  
LPG should not be pro-
moted because it is a fossil 
fuel.  
□ □  □  □  □  
 
 














Improved solid fuel 
stoves are a better way of 
promoting the local econ-
omy. 
□  □  □  □  □  
When relying on LPG, 
households become subject 
to the interests of interna-
tional corporations and to 
highly volatile energy prices. 
□  □  □  □  □  
My organization obtains 
significant funding from do-
nors that prefer to support 
improved solid fuel stoves 
rather than LPG. 
□  □  □  □  □  
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Q16 Are decision makers in your organization likely to support a clean household energy 
strategy that will focus more strongly on promoting LPG? 
□ Definitely yes   
□ Probably yes  
□ Might or might not   
□ Probably not   
□ Definitely not  
 
 





Q18 Please indicate whether you wish to remain anonymous   
□ You can cite me by name as long as I obtain the opportunity to check the quotes be-
fore publication.   
□ I wish to remain anonymous in any report on the results of this research.  
 
 
Q19 Do you mind if I mention your organization? 
□ You can mention my organization   
□ I want my organization to remain undisclosed.   
 
Q20 Would you be willing to answer further questions at a later time in a personal inter-
view? 
□ Yes  
□ No    
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Appendix E Mathematical derivations for the theoretical model on LPG use 
In this paper, we proposed an illustrative model based on the Cobb-Douglas utility func-
tion: 𝑈(𝑔, 𝑥) = 𝑔𝜃𝑥1−𝜃 (1) 
where 𝑔 is the cooking gas LPG, 𝑥 is a composite good that includes traditional biomass 
and other goods, and 𝜃 ∈ [0, 1] is an indicator for the preference for LPG as compared to 
the composite good. 
For an income 𝐵 and prices 𝑝𝑔 and 𝑝𝑥, the budget constraint is: 
 𝑔𝑝𝑔 + 𝑥𝑝𝑥 ≤ 𝐵 (2) 
 
Maximizing (1) subject to (2) yields the Marshallian demand function for LPG: 
 𝑔∗(𝑝𝑔) = 𝐵𝑝𝑔 ∙ 𝜃 (3) 
 
Inverting this function, we obtain the price a household is willing to pay for this quantity 
of LPG: 𝑝𝑔(𝑔∗) = 𝐵𝑔∗ ∙ 𝜃. (4) 
Predictions related to WTP 
Imagine we request the household to increase its consumption from 𝑔∗ to ?̅? = 2𝑔∗ as we 
are interested in WTP for regular rather than very sporadic users. Assume that such 
a doubling of LPG consumption is feasible within the budget constraint (Assumption 
1, see section ‘Assumptions’). To make this situation again optimal for the household, 
the new price must be 50 % lower than the initial price: 
 𝑝𝑔(?̅?) = 𝐵?̅? ∙ 𝜃 = 12 ∙ 𝑝𝑔(𝑔∗) (5) 
 
While this exact relationship is directly related to the restrictive assumption underlying the 
Cobb-Douglas utility function that the price-elasticity of demand is equal to 1, even otherwise, 
we would clearly expect a reduction in WTP with an increase in the requested amount to be 
consumed. More interesting in the context of our study, however, is the question to what ex-
tent health messaging can compensate some of this reduction in WTP. What is the change in 
WTP if we increase the decision maker’s knowledge about the adverse health effects of cook-
ing with traditional biomass? Let us consider the preference for LPG 𝜃 as a linear function of 
health knowledge ℎ ∈ [0,1]: 
 𝜃 = ?̅? + ℎ ∙ 𝛾 (6) 




where  𝜃 ∈ [0,1] is basic preference (e.g., due to the convenience and time savings associ-
ated with LPG) and 𝛾 ∈ [0,1] is a factor reflecting the salience of health information, nota-
bly due to gender. 
 
We can then rewrite 𝑝𝑔(?̅?) as: 𝑝𝑔(?̅?) = 𝐵?̅? ∙ (?̅? + ℎ ∙ 𝛾) (7) 
 
The expected effect of health messaging on WTP is then given by: 𝜕𝑝𝑔𝜕ℎ = 𝐵?̅? ∙ 𝛾 > 0 (8) 
 
We are further interested to see if the impact of health messaging is affected by differ-
ences related to gender reflected by differences in the salience of the health information. 
To see this, we need to take the cross-derivative with respect to ℎ and 𝛾. To do so, note that 
factors such as gender already influence the initial value of 𝑔∗ and thus also ?̅?. More for-
mally, we can write: ?̅? = 2𝑔∗(𝑝𝑚, ?̿?) = 2 𝐵𝑝𝑚 ∙ (?̅? + ℎ̅ ∙ 𝛾) (9) 
 
where 𝑝𝑚  is the original market price and ?̿? = ?̅? + ℎ̅ ∙ 𝛾 the initial preference for LPG. In 
other words, ?̅? is fixed as the double of the optimal consumption at the general market 
price and the initial preference for LPG?̿? that is based on the initial health knowledge and 
salience. We keep ℎ fixed at this initial level ℎ̅ as its change due to the treatment does not 
influence 𝑔∗. In contrast, a greater salience of such health knowledge 𝛾 already influences 
the initial 𝑔∗. Hence, ?̅? needs to be considered as a function of 𝛾 but not of ℎ when we take 
the derivatives. We assume that the treatment itself does not affect 𝛾 (see Assumption 2 
below) which is obvious if we think of it as reflecting the gender of the decision maker. 
Inserting (9) in (8) and taking the derivative with respect to 𝛾, we obtain: 
 𝜕2𝑝𝑔𝜕ℎ𝜕𝛾 = ?̅?𝑝𝑚2(?̅?+ℎ̅𝛾)2 > 0 (10) 
 
Predictions related to the propensity of voucher use 
The propensity to use the voucher can be expressed as the difference in utility ∆𝑈 between 
a situation in which the voucher is used 𝑈1 and a situation in which it is not used 𝑈0. Tak-
ing into account the conditions for voucher use, namely doubling initial consumption and 
the discounted offer price pd, we can specify 𝑈1 as 
 𝑈1 =  ?̅?𝜃𝑥1−𝜃 = ?̅?𝜃(𝐵 − ?̅?𝑝𝑑)1−𝜃  (11) 
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In contrast, the utility when the voucher is not used 𝑈0 simply corresponds to Equa-
tion (1) evaluated at the optimal level of consumption given the market price 𝑝𝑚, without 
any discount but with the possibility to freely adjust all quantities to changes in 𝜃: 𝑈0 =  𝑔∗𝜃𝑥∗1−𝜃  (12) 
 ∆𝑈 can thus be rewritten as ∆𝑈 = 𝑈1 − 𝑈0 = ?̅?𝜃(𝐵 − ?̅?𝑝𝑑)1−𝜃 − 𝑔∗𝜃𝑥∗1−𝜃 (13) 
 
To facilitate the computation of the derivatives we simplify Equation (13) through 
a monotonous transformation using logs. This transformation will leave the sign of 
the derivatives unchanged. 
 ∆𝑢 = 𝑙𝑛𝑈1 − 𝑙𝑛𝑈0 = (1 − 𝜃)𝑙𝑛 𝐵 − 2𝑔∗(𝑝𝑚, ?̿?)𝑝𝑑𝐵 − 𝑔∗(𝑝𝑚, 𝜃)𝑝𝑚 + 𝜃𝑙𝑛 2𝑔∗(𝑝𝑚, ?̿?)𝑔∗(𝑝𝑚, 𝜃)  = (1 − 𝜃) ln (1 − 2?̿? 𝑝𝑑𝑝𝑚) − (1 − 𝜃) ln(1 − 𝜃) + 𝜃 ln(2?̿?) − 𝜃𝑙𝑛𝜃 
 (14) 
 
Replacing 𝜃 by (6) and taking the derivative with respect to ℎ yields: 𝜕∆𝑢𝜕ℎ =  −𝛾 ln (1−2?̿? 𝑝𝑑𝑝𝑚2?̿? ) + 𝛾 ln (1−𝜃𝜃 ) > 0 (15) 
 
Note that this computation is again based on Assumption 1 (a doubling of consump-
tion is feasible within the budget constraint), or else, we would take the log of a negative 
quantity in the first term. A further relevant assumption is that the requirement to double 
LPG consumption in order to use the voucher is a binding constraint (see Assumption 3 
below). For more extreme preferences for LPG, the model would suggest that the house-
hold would forego the voucher in order to be able to consume more LPG. This situation 
is irrelevant in practice, as the voucher can also be used any time before the deadline, and 
hence there is no constraint on the maximum use of LPG. For reasons of simplification, 
the model has not been designed to cover these obvious cases where the health treatment 
is extremely effective. Finally, remember that 0 <  𝑝𝑑𝑝𝑚 ≤  1 since 𝑝𝑑  is the discounted price 
while 𝑝𝑚 is the market price. Considering all these arguments, we obtain the sign of the 
derivative. 
We now examine how the impact of ℎ on ∆𝑢 varies for different levels of salience of 
health information. We use (15) evaluated at the initial preferences for LPG𝜃 = ?̿?. Con-
sidering that ?̿? = ?̅? + ℎ̅ ∙ 𝛾 we can take the derivative of 𝜕∆𝑢𝜕ℎ  with respect to 𝛾 to obtain 
the cross-derivative: 
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𝜕2∆𝑢𝜕ℎ𝜕𝛾 = ln ( 2(1−?̿?)1−2?̿? 𝑝𝑑𝑝𝑚) + 𝛾 ℎ∙(2 𝑝𝑑𝑝𝑚−1)(1−2?̿? 𝑝𝑑𝑝𝑚)(1−?̿?) > 0 (16) 
 
This inequality holds under exactly the same conditions as the inequality in (15).  
 
Before concluding this analysis, let us further examine the reaction of ∆𝑢 to a change 
in the discounted offer price 𝑝𝑑. Since this price can be obtained only when the household 
effectively uses the voucher, a lower 𝑝𝑑 makes voucher use more attractive: 𝜕∆𝑢𝜕𝑝𝑑 = − (1−𝜃)2𝜃(1−2𝜃)𝑝𝑚 < 0 (17) 
 
This inequality only requires Assumption 1 (see Assumptions below). The negative rela-
tionship between WTP and the required consumption is thus also reflected in the lower 
propensity of voucher use (implying the doubling of consumption) for higher 𝑝𝑑. 
Finally, note that—as opposed to WTP—the propensity of voucher use is unrelated 
to the budget 𝐵, since it enters in the same way in both 𝑈1and 𝑈0 and hence cancels 
out: 𝜕∆𝑢𝜕𝐵 = 0 (18) 
 
Assumptions 
This section provides an overview of the three main assumptions referred to above: 
1. Doubling LPG consumption (as imposed in the experiment) is theoretically possible, 
i.e., the consumption of other goods does not fall below 0 for all possible prices  𝑝𝑑 ∈[0.5𝑝𝑚, 𝑝𝑚] and 𝜃. Formally, 𝐵 − 2𝑔∗(𝑝𝑚, 𝜃) ∙ 𝑝𝑑 > 0, ∀𝑝𝑑 , ∀𝜃 
 
Using Equation (3) this further implies: 1 − 2𝜃 > 0, ∀𝜃. 
 
2. The treatment 𝑑 ∈ [0,1] does not alter 𝛾 directly, i.e., health messaging only affects 
health knowledge ℎ, but not the salience of this knowledge: 𝜕𝛾𝜕𝑑 = 0 
 
This is certainly true for the main variable we think of in this context, namely gender, 
but also smoke exposure more broadly, which cannot change immediately, i.e., prior 
to the household’s reactions with respect to consumption or stated WTP that we are 
assessing here. 
 
3. The preference increase for LPG as a result of the intervention is not so strong that the 
household would want to increase its LPG use by more than 100 %. This implies that 
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the requirement we impose on the household to at least double its LPG consumption 
can be treated in the model as a requirement to double consumption: ?̅? = 𝑚𝑎𝑥{2𝑔∗(𝑝𝑚, ?̿?), 𝑔∗(𝑝𝑑, 𝜃)} = 2𝑔∗(𝑝𝑚, ?̿?) → 2?̿? > 0 
 
The alternative case is of course possible, but including this option into the model 
would make the model more complex, while not changing anything substantially. 
This is because households willing to consume more than 2𝑔∗(𝑝𝑚, ?̿?) will have an 
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Appendix F Power calculation and sampling protocol for LPG experiment 
We determined our sample size based on the aim to detect an additional WTP for LPG associ-
ated with the intervention of ₹12 Indian rupee or larger. ₹12 corresponded to 2.5 % of the reg-
ulated market rate for a standard size LPG cylinder when the field study started (=  ₹480). 
Assuming that the pooled standard deviation of WTP would be ₹60 (based on a pilot among 
21 households), the price difference of ₹12 corresponded to a between-groups effect size of 
d=.2 (small). To obtain statistical power at the recommended 0.8 level with alpha set at 0.05 
for a two-tailed test, a sample of 393 would be required. However, if the variance is higher, the 
required sample size increases substantially. We hence aimed at 500 usable observations for 
the experiment. Adding 10 % to account for different kinds of data problems which may arise 
resulted in 550 planned interviews. We hence sampled 55 villages in Bikaner district with 
probability proportional to population size. Figure A 4 shows this district, in the state of Raja-
sthan. The protocol in Figure A 5 describes the sampling procedure in detail. 
Figure A 4 Study area of Bikaner district, Rajasthan, India 
 
Source: By Miljoshi, available on wikimedia commons under the CC BY-SA 3.0 license. 
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Figure A 5 Sampling protocol 
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Appendix G Summary statistics and balance tests for LPG experiment 







Difference b t 
Male 0.08 0.09 0.07 0.01 (0.62) 
Age 28.55 28.29 28.81 -0.52 (-0.73) 
Education 1.50 1.57 1.43 0.14 (1.43) 
Household size 6.00 5.85 6.15 -0.30 (-1.53) 
Hindu 0.97 0.98 0.96 0.02 (1.24) 
Muslim 0.03 0.02 0.04 -0.01 (-1.02) 
BPL 0.60 0.57 0.63 -0.06 (-1.27) 
Expenditures 6752.59 6740.38 6764.75 -24.37 (-0.07) 
Land 0.66 0.63 0.68 -0.05 (-1.15) 
Asset index -0.01 -0.04 0.01 -0.05 (-0.38) 
Refills 0.91 0.90 0.92 -0.02 (-0.88) 
LPG consumption 0.24 0.23 0.25 -0.01 (-0.99) 
Wood quantity 45.75 47.63 43.85 3.78 (1.17) 
Dung quantity 52.47 51.78 53.17 -1.39 (-0.38) 
Random price 339.94 336.41 343.48 -7.06 (-1.29) 
Content 0.45 0.46 0.44 0.01 (0.53) 
Voucher validity 21.05 21.34 20.75 0.59 (0.37) 
Subsidy 0.15 0.13 0.17 -0.05 (-0.96) 
LPG convenience 1.49 1.48 1.49 -0.01 (-0.20) 
Distance 0.46 0.48 0.44 0.04 (0.91) 
Refill cost 0.90 0.91 0.90 0.01 (0.31) 
Fin. restriction 0.77 0.79 0.75 0.05 (1.26) 
Food taste 0.57 0.57 0.56 0.02 (0.38) 
Safety 0.24 0.24 0.23 0.01 (0.28) 
N 539 270 269 539  
* p < 0.1, ** p < 0.05, *** p < 0.01     
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Difference b t 
Male 0.10 0.12 0.07 0.05 (1.49) 
Age 28.31 27.97 28.65 -0.67 (-0.73) 
Education 1.52 1.55 1.50 0.05 (0.37) 
Household size 5.89 5.75 6.03 -0.29 (-1.22) 
Hindu 0.97 0.99 0.94 0.05∗∗∗ (2.60) 
Muslim 0.03 0.01 0.05 -0.05∗∗ (-2.40) 
BPL 0.57 0.58 0.57 0.01 (0.14) 
Expenditures 6511.90 6405.41 6619.86 -214.46 (-0.44) 
Land 0.66 0.67 0.65 0.01 (0.24) 
Asset index -0.09 -0.14 -0.04 -0.10 (-0.65) 
Refills 0.91 0.89 0.93 -0.04 (-1.14) 
LPG consumption 0.25 0.24 0.26 -0.02 (-1.09) 
Wood quantity 46.15 47.54 44.72 2.82 (0.68) 
Dung quantity 51.99 49.48 54.56 -5.07 (-1.08) 
Random price 305.43 301.51 309.40 -7.89 (-1.51) 
Content 0.43 0.42 0.44 -0.02 (-0.61) 
Voucher validity 20.61 20.42 20.82 -0.40 (-0.20) 
Subsidy 0.17 0.14 0.21 -0.08 (-1.14) 
LPG convenience 1.50 1.53 1.47 0.06 (0.66) 
Distance 0.47 0.44 0.50 -0.06 (-1.08) 
Refill cost 0.88 0.87 0.90 -0.03 (-0.84) 
Fin. restriction 0.74 0.75 0.72 0.03 (0.56) 
Food taste 0.53 0.56 0.51 0.06 (0.97) 
Safety 0.25 0.26 0.24 0.02 (0.43) 
WTP for LPG 389.83 382.88 396.91 -14.03∗ (-1.87) 
Voucher value 174.64 178.59 170.60 7.99 (1.53) 
N 303 153 150 303  
* p < 0.1, ** p < 0.05, *** p < 0.01     
 
 
Table A 14 Variable definitions and summary statistics 
Variable Definition Count Mean Std. Dev. Min Max 
Dependent variables       
WTP Willingness to pay for LPG 539 356.79 71.34 200.0 750.0 
Voucher use Dummy = 1 if individual used voucher 
before the household-specific expiry date 
296 0.35 0.48 0.0 1.0 
Key explanatory varia-
ble 
      
Health information Dummy = 1 if individual is exposed to 
health information 
539 0.50 0.50 0.0 1.0 
Other variables       
Voucher Dummy = 1 if individual received 
voucher 
539 0.56 0.50 0.0 1.0 
Voucher validity Days until voucher expiry 538 21.05 18.22 3.5 172.0 
Voucher value Voucher value (INR) 303 174.64 45.44 5.0 235.0 
Male Dummy = 1 if individual is male 539 0.08 0.27 0.0 1.0 
Age Age of the individual 539 28.55 8.18 18.0 65.0 
Education Education (Categorical, levels 1-7) 539 1.50 1.16 1.0 7.0 
Household size Number of persons sharing one kitchen 538 6.00 2.31 2.0 20.0 
Hindu Dummy =1 if individual is Hindu 539 0.97 0.17 0.0 1.0 
Muslim Dummy =1 if individual is Muslim 539 0.03 0.17 0.0 1.0 
BPL Dummy = 1 if household holds a BPL 
card 
508 0.60 0.49 0.0 1.0 
Expenditures Household consumption expenditures 
(INR/month) 
521 6752.59 4184.69 400.0 50000.0 
Land Dummy = 1 if household owns land 539 0.66 0.48 0.0 1.0 
Asset index Weighted index of asset ownership 539 -0.01 1.42 -1.4 6.6 
Refills Dummy = 1 if household buys LPG refills 539 0.91 0.29 0.0 1.0 
LPG consumption Estimated LPG consumption HH (cylin-
der/month) 
489 0.24 0.15 0.0 1.7 
Wood quantity Wood quantity used (kg/week) 536 45.75 37.29 0.0 350.0 
Dung quantity Dung quantity used (kg/week) 537 52.47 42.11 0.0 350.0 
Content Estimated content current cylinder (in %) 468 0.45 0.25 0.0 1.0 
Subsidy Dummy = 1 if household buys subsidized 
cylinders 
232 0.15 0.35 0.0 1.0 
LPG convenience Convenience LPG vs. trad. cooking      
 (1-Better, 2-Similar, 3-Worse) 539 1.49 0.74 1.0 4.0 
Distance Dummy = 1 if distance explains low LPG 
usage) 
539 0.46 0.50 0.0 1.0 
Refill cost Dummy = 1 if refill costs explain low 
LPG) 
539 0.90 0.30 0.0 1.0 
Fin. restriction Refill costs as main hindrance to regular 
LPG consumption (respondents share) 
539 0.77 0.42 0.0 1.0 
Food taste Dummy = 1 if taste of food explains low 
LPG) 
539 0.57 0.50 0.0 1.0 
Safety Dummy = 1 if safety explains low LPG) 539 0.24 0.42 0.0 1.0 
Severe effects Dummy = 1 if aware of severe effects 
from IAP 
503 0.31 0.46 0.0 1.0 
Slight effects Dummy = 1 if aware of slight effects from 
IAP 
503 0.53 0.50 0.0 1.0 
No effects Dummy = 1 if not aware of any effects 
from IAP 
503 0.16 0.37 0.0 1.0 
IAP diseases Share of six IAP-related diseases correctly 
identified (in %) 
539 0.34 0.28 0.0 1.0 
All diseases Share of ten diseases correctly identified 
as either IAP-related or not 
539 0.51 0.15 0.1 0.9 
Observations  539     
Sample restricted to respondents taking part in the WTP. Experiment. IAP = Indoor Air Pollution.
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Appendix H Protocol and material for WTP elicitation and LPG experiment  
As explained in the main document, in order to ensure that survey participants would well 
understand the procedure leading to our measurement of WTP, we first ran the process with 
a relatively cheap item (a piece of soap) that respondents had to buy if their stated WTP was 
above a randomly drawn offer price. We then repeated the same procedure with a more ex-
pensive good (an LED bulb). This means that once the process was implemented for LPG, 
respondents had already gained significant experience with the procedure. In this Appendix 
we provide the protocol used for the WTP measurement of the piece of soap and the complete 
protocol for the LPG WTP experiment. The WTP measurement for the LED bulb was more or 
less identical to the one for soap, except for some reference to the experience the respondent 
already had with soap. It is therefore not shown here. The following questions and instructions 
were communicated verbally by the enumerator to the respondent. Occasional instructions in 
italics were directed to the enumerator. The enumerators carried these instructions on their 
mobile phone and the survey application of Qualtrics we had prepared took them automati-
cally from one step to the next. 
H1 Protocol for measuring the willingness to pay for soap 
Introduction 
In this survey we will mainly ask you things about your energy use for cooking and lighting. 
In this context, we will also ask you to take a couple of decisions about real products. For this 
reason, before we start, we would like to go through a little exercise, so you can see how these 
decisions will work. I will now explain to you how it works. 
In the following, you can purchase an item, as follows: First, you (participant) say the max-
imum amount you are ready to pay for it. The actual price will be unknown, but we will tell 
you the range of prices possible. We will then find out, at which price the good will be made 
available to you for purchase. To do so, we have prepared cards with prices within the possible 
range. 
I will ask you to draw one card that will then show the relevant price. If this price is less 
than your originally stated maximum amount you would like to pay, then you will have to 
purchase the good at this price. If the price is higher than the amount you stated earlier, you 
cannot purchase it. 
Maybe this procedure seems a bit complicated to you. But it makes sure that it is optimal 
for you to tell us your true willingness to pay. You cannot do better by stating a lower or higher 
price than you actually would be ready to pay. 
Let us make an example for the procedure: You say you would be ready to pay up to ₹4, 
and the price on the card drawn is ₹7. The item will not be sold. If your price was ₹10, the item 
is sold at ₹7.   
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Note that if what you state is higher than the price drawn, this is an agreement to buy the 
good, and that if your stated amount is below the price, there will be no sale. Do you have any 
questions so far? 




→ If No is selected, the survey ends at this point. 
Bidding procedure 
Here is a soap. The price at which it will be made available to you will be between ₹1 to ₹10, 
prices within this range are printed on the cards that you can see here. Now what is the max-
imum amount you are ready to pay to get it? 
 
→ Participant states a price. 
 
I would like to remind you that if you state an amount that is higher than the price which 
will be determined in a minute, this is an agreement to purchase the soap, and that if your 
amount is below the price there will be no sale. Would you like to adjust your amount now? 
If YES, go back to last question and adjust amount. 
 
What is the maximum amount the participant is willing to pay? Please write down the price that was 
stated in rupees. ____________ 
 
 
We now determine the price at which the good is made available for you in a random 
manner. Please turn one of the cards upside. 
 
→ The participant turns up one of the number cards in front of her. The cards show the nu-
merical values 2, 4, ...10. 
 
What is the actual price on the card? Please select the actual price on the card in the drop-down list. 
 
→ The survey software calculates difference between bid (stated WTP) and offer price (ran-
domly drawn price). Depending on the difference being positive or not, it redirects the enu-
merator to instruction A or B, with filled-in numerical values. 
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A The respondent cannot buy the soap 
Your maximum amount of ₹[...] was lower than the actual price of ₹[...] which you have 
drawn from the cards. This means the price you are ready to pay is not as high as the sales 
price we found here. Therefore, you cannot buy the soap. 
 
B The respondent can buy the soap 
You are ready to pay an amount of ₹[...]. This is higher than (or same) as the actual price of 
the soap, which you have drawn from the cards, which is ₹[...]. This means you will purchase 
the soap for the price of ₹[...] now. 
 
Did the participant agree to buy the soap? 
□ Yes 
□ No, because    
H2 Experimental Protocol to measure the effect of health messaging on the WTP for LPG 
Introduction 
Now we would now like to carry out an exercise on LPG, which is similar to the ones with the 
soap and LED carried out before. We would like you to bid for one cylinder of LPG. You will 
have the chance to buy a cylinder at a price somewhat below ₹480. Let us remind you that this 
is about a real purchase and that your decision will be truly implemented. Do you agree to 
participate? In case you wish to consult with someone else in the family, you can do so. 




→ If No is selected, survey software redirects enumerator to section ‘Exit questions’. 
Conditions 
Please listen carefully to the conditions: The mechanism is basically the same as for the soap 
and the LED bulb. But as you can imagine, we cannot carry the gas cylinders with us. There-
fore, we will work with vouchers. 
• Voucher: The current subsidized price for a cylinder of LPG (subsidy comes on 
your bank account) is about ₹480. If the price we draw is below that (₹480), we give 
you a voucher which will cover the difference. 
• Time period: There is another important difference to a normal order: you have to 
use the remaining LPG more intensively than before, such that you collect the new 
cylinder earlier than usual or than you might have planned. For your case this con-
cretely means, that the cylinder that we offer you must be collected before […] days. 
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→ We fixed a specific deadline for each household that would require this household to con-
sume the remainder of the LPG in the cylinder currently in use twice as quickly than under 
normal circumstances. The deadline was determined by the survey tool based on the infor-
mation about the family’s existing LPG consumption and the remaining time for using up the 
current cylinder using the information provided at the outset in the screening questions. If this 
estimate could not be meaningfully interpreted (for instance, because the LPG connection was 
established only very recently), the household was directly asked to make a prediction on 
when they would need a refill and this prediction was halved to replace the estimate. The next 




Before we start, let me inform you that ... 
Present the information to the respondent and show the poster together with it. 
 
→ Automated randomization through the survey app, directly displaying either the health 
frame or the alternative frame to the enumerator.  The Enumerator presents the information 
(either of the frames) and shows the illustrating poster together with it. See all information 
material used for frames in H3.  
 
Bidding procedure 
Let us now turn to the bidding procedure. First let us find out what the maximum amount is 
that you are ready to pay for one cylinder of LPG, under the conditions I explained to you. 
Remember that it is optimal for you to tell us your true willingness to pay. You cannot do 
better by stating a lower or higher price than you actually would be ready to pay. 
Now what is the maximum amount you are ready to pay for the cylinder?  
Please note the price stated in rupees. ____________________________ 
 
I would like to remind you that if you bid above the price we will just determine, this is an 
agreement to buy an LPG cylinder, and that if your bid is below the price you cannot buy LPG 
at special conditions. Would you like to adjust your bid now? 
If yes go back to last question. 
 
We now determine the price at which the good is made available for you in a random 
manner. Please turn one of the cards upside. 
→ The participant turns up one of the number cards in front of her. The cards represent nu-
merical values between 240 and 480, at intervals of 10 (starting from 245). 




Note actual price from the card in rupees. ________________________________ 
 
→ Survey software calculates difference between bid (stated WTP) and offer price (randomly 
drawn price). Depending on the difference being positive or not, it redirects the enumerator 







A LPG voucher 
You are ready to pay an amount of ₹[...], this is higher than (or same) as the actual price, 
which you have  drawn from the cards,  which is ₹[...],. This means you will be able to buy 
a cylinder of LPG at the price of ₹[...], now. We will make this possible by giving you a 
voucher, which covers the difference between this price and ₹480 [the normal subsidized 
cylinder price]. In your case this is ₹480 minus [offer price], equals ₹[calculated voucher 
value]. For this we have an agreement with [name local distributor]. You can go there or 
order via phone/SMS and then use the voucher like cash. As we   have explained before, 
there is a special condition of this voucher: You have to use the voucher to buy the next 
LPG cylinder before [calculated deadline] days. 
Please take the voucher and fill it in: 
• Name of interviewed person 
• Her full address 
• Voucher amount: (₹480 – ₹[offer price]) , this is ₹[calculated vouchervalue] 
• Valid until: Today’s date + [calculated time to used up current cylinder] days 
Explain very clearly that they have to use the voucher until this date, because after this date it 
will not be valid anymore, the voucher will become useless. 
Please enter the voucher number here: ______________________________ 
Please take a photo of the voucher. 
B No LPG voucher 
The amount you are ready to pay for one cylinder ₹[...] is lower than the actual price of 
₹[...] which you have drawn from the cards. This means what you would like to pay is not 
enough to buy a new cylinder under these special conditions. Therefore, you cannot buy 
the LPG cylinder now. 
 




Q1 Considering the impact on health, compared to traditional cooking stoves, the LPG-
based cooking is: 
□ Better (1) 
□ Similar (2) 
□ Worse (please specify) (3):____________________ 
□ Don’t know (4) 
→ Depending on the answer, the Enumerator is directed to an additional questions listed be-
low as follows… 
to Q2 if the answer is “Better” (1) 
to Q3 if if the answer is “Similar (2) 
to Q4 if if the answer is “Don’t know” (4) 
(no additional question on health impact if answer is “Worse” (3)) 
 
 
Q2 Let us talk a bit more about that. If cooking with firewood and/or dung affects the 
health, how severe is that? I will read out 2 statements now, please which one corresponds to 
your opinion: 
□ Cooking with dung cakes/firewood causes coughing and irritated eyes, but this health 
impact is not a severe problem. 
□ Cooking with firewood/dung cakes over a long time can cause very severe health 
problems. 
□ Other (please specify):_________ 
 
 
Q3 Let us talk a bit more about that. I read out 2 statements now, please tell me which one 
corresponds to your opinion: 
□ No, I do not think that cooking with firewood and/or dung cakes causes any health 
problems. 
□ Cooking with dung cakes/firewood causes coughing and irritated eyes, but this health 
impact is not a severe problem 
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Q4 Let us talk a bit more about that. I read out 3 statements now, please tell me which 
statement corresponds to your opinion: 
□ No, I do not think that cooking with firewood and/or dung cakes causes any health 
problems. 
□ Cooking with dung cakes/firewood causes coughing and irritated eyes, but this 
health impact is not a severe problem. 




Q5 I am going to name lot of different health problems now. Some of them have to do with 
the smoke from the chulha, others don’t have anything to do with it at all. For each one, could 
you tell me whether you think that cooking from firewood or dung cakes can make it more 
likely to suffer from this disease? 
 
Disease Yes No 
Arthrosis / Jodbandi □ ◦ □ ◦ 
Heart diseases □ ◦ □ ◦ 
Lung Cancer □ ◦ □ ◦ 
Osteoporosis (bone atrophy) □ ◦ □ ◦ 
Cataract / Motyaabind □ ◦ □ ◦ 
Pneumonia □ ◦ □ ◦ 
Problems for physical child development □ ◦ □ ◦ 
Dengue fever □ ◦ □ ◦ 
Diarrhea / Haija □ ◦ □ ◦ 
Stroke / Aaghaat □ ◦ □ ◦ 
 
 
Q6 Do you feel any discomfort from cooking with firewood and/or dungcakes? Please 
select the statement which fits best. 
□ No, I do not feel any discomfort. 
□ Cooking with dung cakes/firewood causes me to caugh more and have irritated eyes, 
but it is not a problem for me. 
□ I feel discomfort in my lungs and eyes and I have already experienced severe health 
problems, which have to do with the smoke from the chulha. 
□ Don’t know 
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H3 Information material used for frames 
While this appendix contains English versions of the visualizing posters and texts, the material 
used in the field was in Hindi language. 
Health frame (text for enumerator and poster) 
Before we start let me inform you that LPG is very different from firewood and dung cake 
regarding the health effects of these fuels. You have certainly observed that when cooking with 
the chulha – especially indoors and with bad ventilation – there is a lot of pollution in the air 
(show picture of cooking woman). According to studies from different universities and re-
search institutions, this pollution causes many more health problems than may be directly 
observable for the person who cooks and her family. As opposed to what one may think, the 
effects are not limited to temporary coughing, tearing eyes and throat ache, but also include 
several severe diseases: 
• Generally, many people in India die much earlier than normal from disease which is 
caused by air pollution from cooking with solid fuels. 
• A large number of people, for instance, die prematurely due to a stroke. This occurs 
when blood flow to an area of the brain is cut off. Every 4th case of death from stroke 
is due to breathing in the polluted air over a long period of time. 
• Similarly, indoor air pollution increases the risk of developing lung cancer or heart 
disease significantly. It is like smoking a very large amount of cigarettes every day, you 
can see on the picture what can happen to the lung (show pictures lung diseases and heart 
diseases). 
• It also increases the chances of getting a cataract/motyaabind (show picture eye diseases). 
If untreated, cataract/motyaabind can lead to blindness. 
• And it can hinder the development of (the) children. Women and small children are 
the most affected by the pollution. When small children die from acute lower respira-
tory infections like pneumonia, this is due to indoor air pollution in more than half of 
the cases (show picture development of child ). Of course, ventilation helps to reduce these 
risks. Having an open window and a chimney hood or cooking outside is therefore 
helpful. But according to available academic studies, the remaining risks are often con-
siderable and should not be underestimated. When cooking on a chulha, the danger of 
being hit by the severe diseases mentioned above is usually still much higher than oth-
erwise. 
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Figure A 6 Visualizing poster health frame. 
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Alternative frame (text for enumerator and poster) 
Before we start, let me give you some information about how liquefied petroleum gas or LPG, 
your cooking gas, is produced. LPG is a fossil fuel. Sometimes it is recovered naturally, directly 
from the ground. Another way of producing LPG is by refining it from crude oil. Crude oil is 
a thick and black liquid. It is a mixture of different chemicals which can be used as fuel because 
they burn well. Most crude oil is found by drilling down through rocks on land or off-shore at 
the bottom of the ocean. 
• Look, we have a picture of an oil field off the coast of Mumbai. The oil gets pumped 
up from a deep hole in the ocean floor (show picture of oil field off the coast of Mumbai). 
• Crude oil cannot be used as a fuel as it is. Therefore, the crude oil must be transported 
to a so-called oil refinery as a first step. This can best be done through a crude oil pipe-
line, which pumps the crude oil from the oil field to a refinery (show picture of crude oil 
pipe). This pipeline transports crude oil from the Barmer district, Rajasthan to Salaya, 
Gujarat. 
• At the oil refinery, the crude oil is heated and then distilled to separate it into different 
petroleum products (show picture of oil refinery). These include gasoline for cars, ship 
fuel and the petroleum gas used for cooking. 
• But gas takes up a lot of space. To make storage easier, the gas is liquefied by com-
pressing with high pressure. This is why your cooking gas is called liquefied petroleum 
gas or LPG. 
• Then the liquefied gas is transported to a bottling plant. There it gets filled into the 
cylinders that you know (show picture of bottling plant). They are small enough for rela-
tively easy transport. Since the gas is still liquid, it does not take up too much room. 
• As a last step, LPG distributors deliver the LPG cylinders to customers in local markets 
(show picture of delivery). 
• In some major cities, households do not have to buy the LPG bottled up in cylinders, 
but instead receive gas through a pipeline in their kitchen (show picture of woman with 
stove and gas pipeline). 
• If you release the liquid from the cylinder by turning on your appliance, it turns back 
into gas. 
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Figure A 7 Visualizing poster alternative frame. 
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Appendix I Offer price distribution and voucher use 
Offer Prices in the WTP eliciting mechanism 
Enumerators determine the offer prices pd used in the WTP eliciting mechanism by drawing 
a random piece from a set of price cards covering the range from ₹245 to ₹475 in steps of ₹5. 
The choice of the price range is based on the following reflection: Even if a household’s 
currently used cylinder was full at the time of the survey and even if its demand for LPG was 
completely inelastic (i.e., it does not speed up consumption due to price reductions), it would 
be left with a maximum of 50 % of the cylinder content (with a market value of ₹240) at the 
expiry date of the voucher, i.e., when the cylinder is to be replaced by a full one. All households 
should thus accept to replace their currently used cylinder by a full one if they are given a 
compensation 𝐶 = ₹480 − ₹240 = ₹240, and a higher discount should not be necessary in our 
context. 
Figure A 8 shows the empirical distribution of the prices. While prices were drawn from 
the full range of possible values, their distribution is right-skewed. Offer prices below the 
mean (₹339) are more frequent than prices that are higher than this average. This is surprising 
as an approximately uniform distribution of offer prices should have been expected. A chi-
square test comparing the observed frequencies to the expected frequencies under a discrete 
uniform distribution clearly rejects the null hypothesis that these distributions are equal 
(p  =  0.000). 
Figure A 8 Distribution of offer prices 
Histogram with heights of the bars representing observed frequencies of offer prices and density curve as ap-
proximation of the proportion of values in certain price ranges. INR stands for Indian rupee. 
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This raises some doubts regarding the random selection of offer-prices. It cannot be ex-
cluded for instance that, in some cases, enumerators made the selection only among higher 
discount values in order to provide extra benefits to the household. However, since WTP is 
measured before offer prices are drawn, this should not affect our main results. 
Offer Prices and voucher use probability 
This section examines the effect of the randomly determined offer price in more detail. Table 
A 15 shows the results of a logistic regression estimation that includes the voucher value, i.e., 
the offered price discount 𝐷 (= 𝑝𝑚 − 𝑝𝑑) as a continuous variable (odds ratios displayed). 
Column 1 reports the odds ratio for the uncontrolled comparison between treatment and 
control group as a baseline, corresponding to Table 8, Column 1 in Chapter 7.5.4. As discussed 
there, the estimate indicates that the odds of using the voucher are 1.44 times larger for a 
household that received the health messaging than for a household that did not. Column 2 
shows that the treatment effect is not much affected by the additional inclusion of the offer 
price. The odds ratio increases from 1.44 to 1.72. This corresponds to a change in the predicted 
probability of voucher use from 0.06 for the model in Column 1 to 0.08 for the model in Col-
umn 2. Furthermore, the estimate becomes more precise. Generally, the inclusion of prices 
substantially increases the precision of the model and its capacity to correctly predict the use 
or non-use of the voucher. The effect on the quality of the prediction is similar to the effect of 
the inclusion of price dummies in Table 8 in the main manuscript.  
The discount itself has a robust and quite sizeable effect. On average, a price reduction of 
₹20 increases the odds of using the voucher by a factor of 1.36. This corresponds to an increase 
in the predicted probability of using the voucher by 0.04. 
In Column 3 and 4 we allow the price reduction to interact with the treatment effect and 
add further controls. Measured in terms of odds ratios, the interaction term is just at the border 
of significance. However, this is not very meaningful because, when the discount is close to 
zero, almost no respondent uses the voucher so that even a tiny absolute effect of health mes-
saging appears like a huge effect in relative terms. 
Rather than to interpret the interaction term in Table A 15, we thus move to a graphical 
illustration of the probability of voucher use for different treatment conditions and different 
discount values. Using the regression in Column 4, Figure A 9 shows how the predicted prob-
ability of voucher use increases with rising discounts (depicted in steps of ₹20) for both the 
treated and the untreated. Comparing the lines for these two groups, we find no systematic 
reduction in the distance between treated and non-treated for increasing voucher values. The 
marginal effect of the discount is also not changed by the treatment (p = 0.66).100F100 On average, 
across all observed values in the sample, health messaging increases the probability of voucher 
use by about 0.1. Differences are most clearly significant for intermediate voucher values. 
  
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 
100 The data and code required to replicate all findings reported in Chapter 7 and Appendix I  is available here: 
https://doi.org/10.1371/journal.pone.0231931.s006. 
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Table A 15 Joint effect of health information on voucher use 
 (1) (2) (3) (4) 
Health message 1.444∗ 1.724∗∗ 7.633∗∗ 11.421∗∗ 
 (0.095) (0.020) (0.031) (0.029) 
Discount (per 20 INR)  1.360∗∗∗ 1.516∗∗∗ 1.564∗∗∗ 
  (0.000) (0.000) (0.000) 
Discount X Health message   0.843∗ 0.822 
   (0.097) (0.106) 
Male    2.906∗∗ 
    (0.023) 
Content    0.548 
    (0.407) 
Voucher validity    0.996 
    (0.680) 
Asset index    1.122 
    (0.219) 
Land    1.221 
    (0.481) 
LPG distance    1.024∗ 
    (0.050) 
Fin. restriction    1.400 
    (0.314) 
Education    1.019 
    (0.874) 
Age    0.981 
    (0.289) 
Household size    0.889∗ 
    (0.086) 
Months since LPG adoption    1.024 
    (0.181) 
Constant 0.203∗∗∗ 0.017∗∗∗ 0.006∗∗∗ 0.007∗∗∗ 
 (0.000) (0.000) (0.000) (0.000) 
N 532 531 531 449 
Area under the ROC curve 55% 73% 73% 77% 
Logit models with odds ratios, * p < 0.1, ** p < 0.05, *** p < 0.01. p-values in parentheses. Lack 
of data on the additional variables included in Columns 2 to 4 leads to a reduction in the number 
of observations. 
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Figure A 9 Predicted Probability of voucher use 
Logistic regression model as estimated in Column 4 of Table A 15 and 90% CIs. 
Comparing the price effect and the treatment effect 
Figure A 9 also allows us to compare the change in the predicted probability of voucher 
use driven by the treatment to the change induced by different discount values. For very low 
voucher values (at the left of the graph) health messaging increases the probability of voucher 
use by about 0.05. To reach the same effect size, the voucher value must be increased by ₹100 
(from ₹5 to ₹105). In the middle part of the graph, the treatment effect appears somewhat 
stronger, but the slope of the curve of the non-treated is steeper, implying that a further dis-
count matters more, too. At a discount value of ₹125, for instance, the health message increases 
the probability of a voucher use by almost 0.15, but the same effect can be reached by increas-
ing the discount by ₹60, i.e., a lesser amount than before, from ₹125 to ₹185. On average across 
the range of observed values in the sample, increasing the discount by ₹40 (= 8.3 % of the cur-
rent subsidized price of a new cylinder) increases voucher use by about 0.1, and thus corre-
sponds to the effect size of health messaging within the same model (Table A 15 Column 4). 
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